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INTRCDUCTIOH 
LCCATIOI•J AND EXTENT 
Th,:: lJiD<:~1.i.ilc Area ol.' Sanpott'.' County, Uto.h covo1~s .10out twelve 
squar~ r,iles in ~.2E., T.19 S. of the 3.i.lt La.lee lforidian. This a.re~ 
includes sections 5-3, 16-18, 20-21, ,md parts of coctions 4, 9, 15, 19, 
ccr1d 22. It is loc;/cod one-hundred ;;'end twenty-five :dlos south of Salt 
Ll',ke City and includes the southe;;i.steirn part of tho Gunnison Pl1teau, 
the lower p¢l,rt of the San Pete Valley, and tho southwest portion of the 
Wasatch Plc,tcau. 
Th"1re ~,re nun'lrous villages and hamlets in the region. These 
include Sterling on the northeastern edge of tho area, Eanti, the 
county s0£:.t, five Liles to the north, Mll.yficld one mil0 fron the south-
ern linit, and Gtmnison four rtiles to the southwnst. Eleven 1:iles 
northeast of the Ninerdle Area is the village of Ephrain, where Snow 
College is locn.ted. The latter is the base of operations for the field 
:rnd research work in central Utah of the Geology Department of the Ohio 
State University. This report is an account of tho work done at the 
field station during the surm.11er of 1970. 
GEOGRA.PHY 
The plateo.us .a..'Yld basins of contr.il Utah provide contrasting 
physical features. The plateaus are i1"lportant to n~n for their lunber, 
grii.zini; lands, hunting, fishing, can ping and other forms of recreation, 
while the valleys with their rich alluvial soil are used for growing 
alfalfa, hay, barley, sugar beets and other crops. 
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Cross-hatched section indicates the Ninemile area in Sanpete County. 
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Cattle and sheep ranching has been a eonsistent agricultural 
enterprise; in reeent years modern dairy and poultry farming have been 
developed. Furthermore, a processing plant has been built to aceOllllddite 
the fast-growing turkey business. 
Also of interest to man are the mineral resourees and fossil fuels. 
The main eoll'llltercial minerals are salt and gypsum; petroleum, gas, and 
coal are found in various amounts. 
The climate of the region is semi-arid. The temperature ranges 
from the mid-90° Fin the day and mid-50° Fat night in the SUI!IIl'ler. In 
the winter the temperature ranges from the mid-10° Fin the day and from 
0 0 
around O F to the mid-10 Fat night. 
In the basins or valley bottoms the rainfall averages 12 inches or 
less annually. Average precipitation on the Gunnison Plateau is 25 
inches; on the Wasatch Plateau it may be as high as 40 inches per year. 
Much of the precipitation on the plateaus occurs as snowfall, which may 
remain on the ground a considerable part of the year. Furthe:rm.ore, 40 
inches of precipitation results in 20 inches of runoff, 25 inches pro-
vides 8 inehes of runoff, a.nd 12 inehes yields little or no runoff. 
Consequently the frequent summer thunder showers in the valley provide 
only a small amount of groundwater, since the dry atmosphere causes .!1. 
high rate of evaporation (Bagley, 1964, p. 55). 
Topographically, the lowest elevation in the Ninemile Area is 524J 
feet in section 18. On the Gunnison Plateau the highest elevation is 
5974 feet, and on the Wasateh Plateau it is 6640 feet. Generally the 
highest elevations in the region are on the Wasatch Plateau and in the 
southern Wasatch Mountains. The elevation of Mt. Nebo, the southernmost 
peak of the Wasatch Range is 11,871 feet, and parts of the Wasatch 
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Plateau are over 12,000 feet in elevation. 
FLORA AND FAUNA 
The flora and fauna of Utah and Nevada are distributed in five 
distinct life zones. These life zones may often overlap. Moreover, they 
are the response of tho plant and animal life to the variations in climate, 
soil, and elevation. A generalized description of the five zones follows, 
a) Upper Sonoran Zone - This zone surrounds the forest. In central 
Utah it is found in the valley bottoms and foothills of the plateaus. 
Plant life includes sagebrush, many species of small cacti, juniper and 
pinyon. Animal life present are prairie rattlers, bull snakes, and other 
small reptiles, along with numerous jackrabbits and cottontails. 
b) Transition Zone - This zone is found in the forest canyons. It 
provides a habitat for mule deer, bobcats, coyotes, and cougars, Plant 
life includes mountain mahogany, white fir,and ponderosa pine. This zone 
in central Utah in intermediate between the valley bottoms and the high 
plateaus, 
e) Canadian Zone - In this zone, forests of Douglas fir and aspen 
are abundant. Wildlife is plentiful during the summer and in the pioneer 
era mountain sheep were often seen. In central Utah this zone encompasses 
the high plateau regions. 
d) Hudsonian Zone - In this zone, spruce, ·timber pine, and bristle 
cone pine of great age are plentiful. They are often found in grotesque 
shapes with trunks up to JO feet in circumference. In central Utah this 
zone is found only in the uppermost part of the high plateaus. 
e) Arctic-Alpine Zone - This zone extends from the timber line to 
the mountain crests. It abounds in many varieties of moss, lichen, and 
tundra plants. In central Utah this zone occurs near the crests of 
peaks, like Mt. Nebo of the Wasatch Mountains. 
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In central Utah, as in other regions, the near-extinction of some 
species has had a harmful effect. The slaughter of coyotes has resulted 
in an increase of the jaekrabbit population. These in turn devour the 
sparse vegetation on the plateau foothills and valleys. The near-
extinction of the cougar has resulted in an expanding deer population, 
which also eat much of the vegetation, and often the hay and grain of the 
farmer, An inerease in the rodent population results when rattlesnakes 
and other snakes are indiscriminately killed. 
PREVIOUS WORK 
Although many geologists have worked in central Utah, Edmund M. 
Spieker has been responsible for mueh of the detailed work in stratigraphy, 
structural geology, tectonics, and geologic history of the area, Further-
more, he has guided numerous other aspiring geologists who have made 
studies in specific loealities or speeialized areas. 
Some of the early geologists who have WGrked in the area are G. K, 
Gilbert, c. E. Dutton, and E. E. Howell. 
others who have contributed to the geology of the area are M. P. 
Billings, C. E. Hunt, W. N. Gilliland, A. J. Eardley, S. L. Schoff, W. L. 
Stokes, A. Baker, C.H. Dane, J.B. Reeside, A. LaRoeque, and C. H. 
Summerson. 
In the Ninemile Area, Clyde T. Hardy and Julius Babisak have done 
detailed mapping and evaluatien of the geologic strueture and stratigraphy. 
Over the past 25 years numerous undergraduates have done SU11lll1er 
field work in small, well-defined areas in San Pete County. 
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STRATIGRAPHY 
GENERAL STATEMENT 
In the Nine:mile Area there are tren major stratigraphic units 
exposed. These formations area 
Name 
Axtell Formation 
Crazy Hollow Formation 
Green River Formation 
Colton Formation 
Flagstaff Limestone 
North Horn Formation 
San Pete Formation 
Morrison(?) Formation 
Twist Gulch Formation 
Arapien Shale 
Age 
Late Plioeene and Early Pleistocene 
Eocene, Late Eoeene? 
Ec,eene, Medial Eocene? 
Eocene and Paleoeene, Early Eocene-
Late Paleocene 
Eoeene and Paleocene, Early Eocene-
Late Paleocene 
Paleocene-Upper Cretaceous (Lance) 
Upper Cretaceous, Early Colorado 
Jurassic?, Upper Jurassic? 
Jurassic, Upper Jurassic 
Jurassic, Upper Jurassic, Middle 
Jurassic 
Along with these formations, there is also differentiated a Quater-
nary stream terrace deposit (Sec. 5 of the map area). Further, the 
Quaternary alluvial deposits were differentiated into an older deposit 
on the valley floor and the more recent alluvium that is being transported 
into the valleys by the ephemeral canyon streams. 
The alluvial deposits in the San Pete Valley and Upper Arapien 
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Valley posed a problem in unravelling the stratigraphy and structure, 
Our trips to the other areas, notably Snow Canyon, Sixmile Canyon, and 
Gunnison areas were of great value in clarifying some of these problems. 
JURASSIC SYSTEM 
Ar:.ipien Shale 
Definition. This formation was named and defined by Edmund M. 
Spieker (1946, pp. 123, 124) as a body of red to gray shale and fine-
grained sandstone, salt and gypsum-bearing in part. This formation was 
previously called Jurassic shale by E. E. Howell (1875, pp, 175, 236), 
C. E. Dutton (1880, pp. 153-1.54, 163-165), G. B. Richardson (1907, pp. 8-9) 
and A. J. Eardley (1933, pp, 330-334). 
The name of the formation is taken from the Arapien Valley (named 
after Chief Arapien, a Ute chieftain), which lies north and south of 
}:ayfield, Utah. The type locality is six miles southeast of Gunnison, 
Utah on the west side of the Wasatch Plateau. (Spieker, 1946, p. 124) 
The Arapien Shale was originally divided by Spieker into the Twelve 
Hile Canyon Hember and the Twist Gulch Hamber. In 1949, C, T, Hardy's 
exhaustive study of the Arapien Shale resulted in the Twist Guleh Member 
being redesignated as a formation because of its wide areal extent in 
Central Utah. (Hardy, 1949, p. 14) 
Description. Formerly, the five basic lithologic units of the 
Arapien Shale according to Spieker were: 
Twelve Mile Member 
"Type 1. Gray limestone, generally thin-bedded (oldest). 
Type 2, Light-gray siltstone and shale, very thin-bedded with 
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occasional thin beds of finely rippled sandstone. 
Type 3. Graysbde,, argillaceous and gypsiferous with irregular 
red blotches which locally become dominant. 
Type 4. Compact red salt-bearing shale (youngest). 
Twist Gulch Member 
Type 5. Thin-bedded red siltstone and shale, with layers of 
greenish-white siltstone and occasional zones of gray 
sandstone some of which is fairly coarse-grained." 
The lower units are dominantly gray and the upper units are mostly 
red. (Spieker, 1946, p. 124) 
The Arapien Shale of the Ninemile Area appears to be composed of 
Types£ and 1• The blotched red unit is noticeable on the south side of 
Highw~y 89 at the lower end of the Ninemile Reservoir. The gray shale 
and sandstone unit forms the prominent hogback on the north side of the 
highway, also near the reservoir. 
In 1949, c. T. Hardy's detailed analysis and study of the Arapien 
Shale revealed this stratigraphie succession: 
"Unit A (Spieker' s type 1): Gray shale, gray thin-bedded lime-
stone that weathers brown, red shale, gypsum in thin lenticular beds; 
or gray thin-bedded argillaceous limestone with massive lenticular 
beds of gypsum. 
Unit B (Spieker's type 3): Bluish-gray and red gypsiferous 
shale. Blotched appearanee. Red gypsiferous shale in upper part 
locally salt-bearing. 
Unit C (Spieker's type 2): Bluish-gray calcareous shale with 
gray thin,-,,bedded caleareous sandstone. Several prominent resistant 
layers of arenaceous limestone with fossils. Massive lenticular beds 
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of gypsum. 
Unit D (Spieker's type J)i Alternate layers of bluish-gray 
and red gypsiferous shale. Blotched appearance of the outcrop due 
to lenticular rui.ture of the beds, facies changes, and complex 
structure. 
Unit E (Spieker's type 4): Brick-red silty shale locally 
salt-bearing. The salt appears to be stratified and eomil!only con-
tains a considerable amount of red cl~y. At least 200 feet of salt 
is &xposed east and north of Redmond in the Sevier Valley." (Hardy, 
1949, pp. 15, 16) 
In the Ninemile Area there are good exposures of the Arapien Shale 
on the hogback near the Ninem.ile Reservoir. However, a section was 
measured at the thickest part of the exposed formation near the modern 
dairy farm. (Sec, 18, S.E. ¾) 
The complex structure of the Arapien Shale made it difficult to 
measure the section, And there is a possibility that there was repeti-
tion or omission of beds due to faulting. 
Several marker beds were useful in determining faults and folds, 
These included the resistant sandstone on the hogback (Sec. 8), the 
gypsum bed in Se~. 17 and Sec. 20, and the red shale and mudstone bed in 
Sec, 18. 
Ripple marks and eross-bedding in the resistant sandstone beds were 
useful in determining the overturned beds. The fissile shale bed contained 
mud and clay galls which indicated that flowage took plaee during compac-
tion. 
Distribution, thickness, and stratigraphic relations. In Central 
Utah, the Arapien Shale is widely distributed. It occurs in the east 
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and north central part of the Sevier Valley and on the east side of Juab 
Valley, where it forms the western foothills of the Gunnison Plateau. 
Further, there are scattered outcrops in the Indianola District, In the 
San Pete Valley the Arapien Shale is also exposed near Wales Gap on the 
east side of the Gunnison Plateau. (Spieker, 1946, p. 125; 1949, p, 17) 
In the Ninemile Area, the Arapien Shale is a prominent formation. 
It occurs mostly within the confines of the San Pete Valley, and much of 
it is covered by alluvium.. The most important exposures are found in 
Secs. 8, 18, 19, and 20 of the map area, where the forraation forms the 
core of a fan-shaped anticline. 
The thickness of the Arapien Shale may be more than 7,000 feet, 
(Spieker, 1946, p. 125) In the Ninemile Area the exposed thickness may 
be only as much as 2100 feet in comparison, 
In a complex locality (See. 17 of the map area), the Twist Gulch 
Formation is exposed against the Arapien Shale, but it is difficult to 
say whether this is a conformable contact, All other contacts between 
the Arapien Shale and the Twist Gulch Formation in the Ninemile Area are 
covered by alluvium. 
The Green River Formation overlies much of the Arapien Shale in the 
Ninemile Area. This contact appears to be a depositional unconformity, a 
fault eontaet, or possibly both. Moreover, the Axtell Formation uncon-
formably overlies the Arapien Shale, especially in See, 18 of the map 
area. 
The base of the formation is not exposed here, but it is presumed 
that the Navajo or Nugget Sandstone underlies the Arapien Shale through-
out San Pete County. (Spieker, 1949, p. 11) 
Age and Correlation. Fossils from roeks of Spieker's type 2 have 
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been assigned by J.B. Reeside, Jr., to an Upper Jurassic Age. They are 
similar to forms found in the Carmel Formation of the San Rafael Group; 
and these forms include Pentacrinu.s ast:ariaau Meek and Hayden and 
Trigonia guadrangularis Hall and 'Whitfield. (Spieker, 1946, p. 125) 
In the Ninemile Area a member of the field group found Pentacrinus 
in the gray shale on the hogback (Sec. 8). Nevertheless, fossils are 
scarce. 
The Arapien Shale is correlated eastward with the Carmel Formation. 
On the basis of lithology, the lower Arapien Shale is correlated with 
the Twin Creek Limestone on the nGrth. This lithologie similarity is 
an increase in the amount of limestone in the Arapien Shale on the north 
and west side of the Gunnison Plateau, which may indicate a transition 
between the two formations. However, the Arapien Shale may embody 
elements both older and younger than the San Rafael and the Twin Creek. 
(Spieker, 1949, p. 18; Babisak, 1949, p. 25) 
Twist Gulch Formation 
Definition. The Twist Gulch Formation, fformerly the upper member 
of the Arapien Shale was defined by Spieker (1946, p. 124) as comprising 
the strata exposed on the north side of Salina Canyon above Twist Guleh 
and lying between the compact red salt-bearing shale of Twist Gulch and 
the diverse strata of the Morrison (7) Formation. 
The Twist Gulch Hember of the Arapien Shale was redesignated as a 
formation on the basis of its wide areal extent in Central Utah. (Hardy, 
1949, p. 30) 
Description. The Twist Gulch Formation was originally described by 
Spieker (1946, p. 124). However, in a later study Hardy (1949, p. 40) 
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again described it at the type locality, Twist Gulch in Salina Canyon, 
as consisting of light-gray sandstone, maroon shale, and red siltstone 
in the main part, whereas the upper 175 ft. of the formation consists 
of olive green shale with thin layers of grit and sandstone, light-gray 
sandstone, and bluish-gray shale. 
In the Ninemile Area there is only one exposure of the Twist Gulch 
Formation (Sec. 17). Here it consists of yellow-brown siltstone in the 
lower part and in the upper part of a red mudstone interspersed with 
gypsum (satinspar) veins. 
Distribution, thickness, and stratigraphic relations. In Central 
Utah, along with the exposures east of Salina Canyon and in Salina 
Ca~yon, the Twist Gulch Formation also occurs beneath the thick Indianola 
conglomerate in the northern pa.rt of the Gunnison Plateau. (Ifardy, 1949, 
pp. 31, 32) In the Cedar Hills, near the north end of San Pete Valley 
there are areas of Arapien Shale that probably include tho Twist Gulch 
Formation.(Schoff, 1937, p. 29) 
In the field carnp area, in San Pete Valley the Twist Gulch Formation 
is exposed af W:...les Gap, Confusion Gulch, Maple, and Pete's Canyons, 
Dry Canyon, and the Gunnison Reservoir Area, at the eastern b~se of the 
Gunnison Pl,'.:l.toau. In the Ninemile Area, the Twist Gulch Formation, .along 
with the exposure at Sec. 17, underlies the San Pete Valley between the 
Arapien Shale and the lower }'.orrison Formation, although it is covered 
by alluvium. 
The thickness of the Twist Gulch Formation is only 75+ ft. in the 
Ninernile Area. But the complete section is about J,000 feet thick in 
Sa.lina Canyon as measured by plane table, (Spieker, 1946, P• 125) 
In Salina Canyon the Twist Gulch is exposed in a sequence of nearly 
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vertical beds, with the top facing east, in an angular unconformity 
beneath a basal red siltstone of the Flagstaff Formation. However, the 
Flagstaff Formation thins toward the west so that the Colton and Green 
River Formations directly overlie the Twist Gulch Formation. (Hardy, 
1949, pp. 32, 33) 
Southeast of Salina in the Sevier Valley, the Twist Guleh is exposed 
between the upper Arapien Shale and a conglomerate of the Flagstaff For-
mation. This contact is an angular uneonformity. (Hardy, 1949, pp. 32, 
33) 
East of Redmond and south of Willow Creek, the Twist Gulch is also 
exposed as an angular unconformity with the Flagstaff Formation, and in 
this area only the basal few hundred feet of the Twist Gulch is exposed 
against the upper units D and E of the Arapien Shale. (Hardy, 1949, p. 
32) 
East of Gunnison about JOO ft, of red siltstone of the Twist Gulch 
Formation oecurs over Unit D of the Arapien Shale. The Twist Gulch also 
occurs in a small syneline south of Lost Creek, (Hardy, 1949, p. 32) 
In the San Pete Vall1ty at Wales Gap, the Twist Gulch Formation has 
been thrust over the Morrison Formation, over parts of the Indianola 
Group, and the lower part of the Price River exposure. At Dry Canyon, 
the Twist Gulch Formation has been thrust over the North Horn Formation. 
The Twist Guleh Formation is exposed along with the Morrison For-
mation as a thrust fault over the North Horn Formation, at the Gunnison 
Reservoir Area and in Pete's Canyon. 
In Confusion Gulch, the Twist Gulch Formation is highly contorted 
and thrust faulted on vertical conglomerate of the North Horn Formation. 
In the Ninemile Area, the Twist Gulch Formation is exposed in a 
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complex structural and stratigraphic sequence. The Green River Forma-
tion has been thrust over the Twist Gulch Fornua.tion and then the Twist 
Gulch, Colton .and Green River Forma.tions h.ave been thrust over this first 
fault. 
In this area of the Sa.n Pete Valley, the Morrison For-ti.ation contact 
is covered by alluvium., but it is presum.ed that the contact is confor-
mable. 
Age and Correlation. The age of the Twist Gulch is asswraed to be 
Upper Jurassic because of its stratigraphic position between the Arapien 
Shale and the Morrison Formation. There is also some paleontological 
evidence, since Hardy (1949, pp. 38, 70) found the Middle-Upper 
Jurassic forms Echinotis and Ostrea in the upper Twist Gulch of Salina 
Canyon. 
The Twist Gulch may be in a. general w.ay equivalent to the Entrada, 
Curtis, and Sl.l.lm:lerville Formations of the San Rafael Group. The 
Entrada of the S.an Rafael Swell consists of red thin-bedded siltstones 
and :massive fine-grained red sandstones which are sit1ilar to the litho-
logies of tho Twist Gulch Form.ation. The upper olive green shale, light-
gray sandstone, and bluish gray shale of the Twist Gulch Formation' 
corresponds with the lithology of tho Curtis Formation. The occurrenee 
of Echinotis in the upper Twist Gulch Formation suggests a correlation 
with the Curtis Fornation, because it is the only fossiliferous unit in 
the San R:dael Group. The light-gray sandstone, maroon shale, and red 
siltstone of the Twist Gulch Formation aro slllilar to the Suna1ierville 
For.a..:ation .Q..l1d seer.1 to occur at the sru:i.e stratigraphic position. (Hardy, 
1949, p. 40) 
A. A. B2.kcr (1947, Chart No. 30) identifitBd the relation between 
15 
the Tw1.st Gulch Forr1.ation in the northern part of the Gunnison Plate ... u 
with the EntrD.da Fori.;:a.tion of the southern Wasatch hount:.a.ins ... nd the 
Preuss For11.ation of southeastern Idaho, m.ainly on lithological similar-
ities. 
Morrison (?) Forl!l.a.tion 
Definition. The Horrison Forl:il.:i.tion w.as first d0;l:'ined by G, H. 
Eldrid[!;e (189'~, pp. 60-61) fron his obsorvations near Denver .and alonz 
the eastern base of the Rocky Hountains as a forr:1.~tion of :.1ostJ.~,r fresh 
water r,1arls whoso upper linit is sharply dE1fined by th,:-, Dakoti1. Sandstone, 
whereas the, lower limit is a pink and brown sandstone which 11Jarks the 
close of the Triassic, The forrlation is na.,,ed after the t·own of Morrison, 
Colo., where ne;1rb;y it is typically developed, 
However, F. lI. Knowlton (1920, pp, 189-194) described dicotyledonous 
Plant rei:1a.i11s collected fror.t the typo section about 15 feet below the top 
of the for::1ation. Froi:t this flora Ficus magnoliaefolia was positively 
determined to belong to the Dakota flora of the Denver Basin. The 
Dakota Sandstone is considered to overlie the bastl Upper Cretaceous 
and the upper Lower Cretaceous. On this basis W. T. Lee (1920, pp. 18J-
184) redefined the :Morrison Formation by re1'!!.oving the uppe,r two units of 
the f orm.ation and placin..g the1,1 in the Dakota Sandstone. Lee then 
removed the lower calcareous portion (17 feet) on the basis of Sundance 
(Entrada) fossils. L~ter, J.B. Rceside (1931, pp. 1102-1103) invalidated. 
the rei;wval of the lower calcareous portion by re,-ex.minin; the fossil 
evidence. He found that "Pleurorn.y.:a." and other previously undeterm.ined 
pelecypods were~ felchi White and~. iridoides White and identified a 
speci~s of L:iJmaea, a gastropod, which had not been previously noted; and 
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that what had been thought to be Pentacrinus astericus was really Chara-
like algae, which just happened to resemble erinoid stems. 
Finally, A. A, Baker, c., H. Dane, and J. B. Re•side (1936, p. 31) 
while considering the variability and irregularity manifested by the 
formation deemed it legitilllate to include under the name Morrison all 
the Jurassic Continental sediments deposited subsequent to the deposition 
of the San Rafael Group, 
Description. The type section at Morrison, Colorado is litholo-
gically and paleontologically different from the section cropping out on 
the east side of the Gunnison Plateau in the Ninemile Area. 
G, H. Eldridge ands. F. Emmons (1896, pp. 22-23) described it as 
consisting mainly of marls with varying proportions of sandstone and 
thin limestone." Lenticular bodies of drab limestone occur in the clays 
of the lower two-thirds of the formation, which carry the remains of 
Sauropod and other dinosaurs and from which the name Atlantosaurus beds 
has been assigned. The upper third of the formation is more arenaceous, 
sandstone in places predominating over clays and passing into a con-
glomerate at the base. 
W. T. Lee (1920, p. 184) described an upper unit of 150 f·eet con-
sisting of variegated shale, with layers of hard sandstone and limestone 
containing the remains of Sauropod and other dinosaurs; and a lower unit 
of 10 feet consisting of sandstone with dinosaur bones and quartz pebbles. 
This unit fills hollows in the underlying formation. 
Baker, Dane, and Reeside (1936, p. 8) described the Norrison For-
mation as composed of diverse sorts of rocks, mostly irregular and 
discontinuous beds. The most characteristic rocks are mudstones, pre-
dominantly green-gray with an ach12ixture of red, purple, and brown, and 
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soft whitish or greenish-white sandstones. Moreover all the beds are 
more or less calcareous. 
In the Ninemile Area, the Horrison (?) Formation is con:posed of a 
basal oncolitic l:i.l,1estone unit, followed by b(!;ds of coarse purple-red 
and red conglomerate, yellow-brown sandstone, purple-red and red mudstones, 
and some limestone. Horeover, the I"iorrison (?) Formation here contains 
no fossils except the a.lg.al nodules (oncolites). 
Distribution, Thickness, and Stratigraphic Relations. The Harrison 
Formation is presUllled to cover .about 350,000 square r:1iles in parts of 
Uta.h, Colorado, New 1,rexico, Arizona, Wyoming and Idaho. Nevertheless, 
many terrestrial beds of questionable ago have been called Harrison with-
out regard to the limitations imposed by the type section and fossil 
evidence. (Stokes, 1944, pp. 953, 9.54) 
In central Utah the Horrison (7) Formation is found in Salina 
Canyon, along the eastern base of the Wasatch Plateau, and in the 
Thistle area. 
The average thickness at the type area according to Eldridge (1894, 
p. 56) was 200 feet. Lee (1920, p. 183) reduced it to 160 feet. Baker, 
Dane, and Reeside (1936, p. 9) noted that the thickness of the formation 
varies from place to place. In most of the area in which it is present 
its thickness is r1ore than 500 feet. But may be as much as 8 50 feet, 
possibly more locally. 
The Morrison (?) Formation in central Utah is 1300 feet thick in 
Salina Canyon and about 1800 feet thick in the Thistle District. In 
the Ninemile Area, Babisak (1949, p. 32) recorded 1857 feet. Our field 
group recorded 1671 feet in a traverse across See. 5 and 6. 
At the type section the l!Torrison Formation is overlain by the 
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Dakota Sandstone and underlain by the Entrada Formation. 
In Salina Canyon the Morrison (7) Formation overlies the Twist 
Gulch Formation, but the contact is not sharp and suggests interton-
guing. (Spieker, 1946, p. 125) This locality is the only place in 
central Utah where the basal contact is exposed. Further, the San Pete 
Formation of the Indianola Group overlies the Fiorrison ( 7) Formation. 
However, both of these formations along with the Arapien Shale and Twist 
Gulch Formation have been folded, thus forming part of a limb of a mono-
cline. Finally, these formations are truncated by the Flagstaff Limestone 
forming a classical unconformity. 
In the Ninemile Area, the contact between the Ivlorrison (?) Formation 
and the Twist Gulch Formation is covered by valley alluviWll, but this 
contact is believed to be conformable, The San Pete Formation overlies 
the Morrison(?) Formation conform.ably. This contact is clearly visible 
in Sec. 6 of the map area. 
Farther south, along highway 89 near Christiansburg the North Horn 
Formation truncates both the Morrison (7) Formation and the San Pete 
Formation forming an angular unconformity. 
In the Ninoile Area, the Morrison (7) Formation along with the 
Arapien Shale, Twist Gulch, and San Pete Formation are overturned and 
dip steeply (40°-80° east) and the tops of the formations face west. 
Structurally, they form. the west limb of the San Pete-Sevier Valley 
Antieline. 
Age and Correlation. The age of the :Morrison Formation, as deter-
mined by the study of vertebra"tl:e, invertebrate, and plant remains, is 
Upper Jurassic. Although these remains indicate a Jurassic age, 
correlation with the European type Jurassic is uncertain. (Stokes, 1944, 
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p. 953) 
The aga of the Morrison (7) Fermation is probably Upper Jurassic, 
but paleontological evidence is lacking and the age has been determined 
by stratigraphic position. There is a definite lithologic change 
between the underlying Arapien Shale and the overlying Cretaceous San 
Pete Formation; however, the Morris@n may also be in part Lower Cre-
taceous since Spieker (1949, p. 19) notes that no break in the 
stratigraphic record has been recognized. between the Morrison(?) 
Formation and the Upper Cretaceous San Pete Formation, 
The Morrison Formation aeeording to Stokes (1944, p. 969) is 
wholly or in part equivalent to the Ephraim Conglomerate of the Gannet 
Group in southeastern Idaho on the basis of somewhat sixtllar lithology, 
the finding of caudal vertebrae resembling Allosaurus and the oceurrence 
of "gastroliths." 
Stokes (1944, p. 969) also infers that the Beekwith Formation of 
southeastern W.Voming is also equivalent to a portion of the Morrison on 
the basis of lithology (Morrison-like bentonitie shale), which contains 
numerous "gastroliths." 
Formerly, the term HcElmo Formation of southwestern Colorado was 
in use but, along with the Post-McEI.m.o Beds, it is now included by 
Stokes (1949, p. 967, 968) in the Norrison Formation. 
In Southern Utah H. E. Gregory (1951, p. 45) believes that the 
Morrison Formation is absent. 
Babisak (1949, p. 33-34) notes that the Morrison(?) Formation 
occupies a stratigraphic position sim:ilar to that of the Morrison For-
mation proper of the San Rafael Swell. 
Spieker (1946, p. 125), Babisak (1949, p, 33) and our field group's 
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experiences have sho-wn that the Norrison (1) units in Salina Canyon, the 
Ninemile Area, Gunnison Area, and Wales Gap are equivalents on the basis 
of lithology and stratigraphic position. 
CRETACEOUS SYSTEM 
Indianola Group 
The Indianola Group, the oldest Cretaceous unit in central Utah, 
was named and defined by Spieker (1946, p. 126) as Oli assemblage of 
conglomerate, sandstone, shale, and limestones of both continental and 
marine origin. At the type locality, north of Indianola, Utah, Spieker 
(1946, p. 127) has noted three major lithologic types: 
a) buff and gray marine beds on Dr-~ Creek 
b) buff :md gray continental beds on Little Clear Creek 
c) Conglomerate, variegated beds, and fresh water limestone 
near Hjork Creek. 
Furthermore, at Indianola, the Indianola Group cannot be sub-
divided into formations; but near Thistle Utah, the Salina and Sixmile 
Canyon areas it can be differentiated into the basal San Pete Formation, 
followed by the Allen Valley, Funk Valley, and Six Mile Canyon Forma-
tions. At these localities the formations are truncated by the Price 
River Formation and younger formations. 
The Indianola Group undifferentiated also occurs in the area between 
Salina and Gunnison, Utah, on the Gunnison Plateau, and in the Cedar 
Hills, 
In general, Spieker (1949, p. 21) states that the Indianola Group 
is at least 8,000 feet thick; but in the northern part of the Gunnison 
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Plateau, near Levan, it may be fro~ 8,000 to nearly 15,000 feet thick. 
Here the lithology is conglomerate and sandstone with loeally inter-
bedded red and variegated shale, freshwater limestone, and littoral 
marine sandstone. 
Eastward, there is a rapid facies change from coarse to finer 
sediments, and the Indianola Group then becomes equivalent to the lower 
three-quarters of the Hancos Shale (Spieker, (1949, p. 20). Further, the 
age of the Indianola Group as determined by marine mollusks (Corbula 
nematophora) and fossil plants is Colorado or early Upper Cretaceous. 
In the Ninenlile Area, only the San Pete Formation crops out on the 
east side of the Gunnison Plateau, where it overlies the :Morrison(?) 
Formation. Consequently, only a detailed presentation will be made for 
the San Pete Fc,rma.tion, and a general description will follow for the 
Allen Valley, Funk Valley, and Sixmile Canyon Formations. 
San Pete Formation 
Definition. Spieker (1946, p, 127) defined the San Pete Formation 
as a distinct unit of sandstone and conglomerate, with minor amounts of 
shale, containing fossils of lower Colorado age, overlying the Morrison 
( 7) Formation and underlying the Allen Valley Shale. The formation was 
named by Spieker from the type locality in San Pete Valley, south of 
Manti Utah, where on the east side of the valley it is exposed in hog-
backs and ridges. 
Description. The general lithology of the San Pete Formation 
according to Spieker (1946, p. 127), consists of brown, ochre, buff and 
gray sandstone, gray to ochre sandy shale, and gray conglomerate, The 
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conglomerate oecurs only in the lower part of the formation. 
In the Ninemile Area, mueh of the San Pete Formation is covered by 
colluvium, especially in Sec. 6 of the map area, However, units described 
in a short traverse in Sec. 6 included a yellow, fine grained sandstone, 
a yellow-brown sandstone interboo.ded with shale, yellow-brown shaly sand-
stone, a pale yellow sandstone, and a gray-brown conglomeratic sandstone. 
Fossils were not found in any of these units. 
Distribution, Thiekness, and Stratigraphic Relations. In addition 
to the exposures in San Pete Valley, ths formation is also present in 
Salina Canyon and southeast of Thistle. 
In the Ninemile Area, the formation is exposed only on the eastern 
part of the Gunnison Plateau in two separate areas, one in Sec. 6 and 
the other in Sec.?. 
In Salina Canyon, there is a complete, well-exposed section of the 
formation, where it is about 1350 feet thick (Spieker, 1946., p. 127). 
However, in the Ninemile Area it is only up to 725 feet thick. 
The San Pete Formation is underlain conformably by the Morrison ('7) 
Formati~n in the Si::xnile Canyon Area, Salina Canyon, and in the Ninemile 
Area. 
In Salina Canyon the San Pete Formation lies adjacent to the Allen 
Valley Shale, both formations dipping 30° East, and truncated by the 
basal Flagstaff Fo~mation in angular unconformity. 
In the Si:xrnile Canyon area, the San Pete Formation lies adjacent 
to the Allen Valley Shale, both formations dipping East. 
In the Ninemile Area, the San Pete Formation dips 35°-40° East and 
overturned is truncated by the North Horn Formation, which dips 25° West, 
forming an angular unconforr,1ity. 
Age and Correlation. The age of the San Pete Formation, on the 
basis of fossil evidence has been deteridned as lower Colorado. 
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Spieker (1949, p. 11 and 1946, p. 121) also notes that the San Pete 
Formation is equivalent to the Tununk Shale of the l'famcos Formation. A 
similar facies has been recognized by C. H. Wegemann (1913, p. 163) in 
the Coalville district, ,rnd by G. B. Richardson (1927, pp. 464-475) in 
the Kolob Plateau. 
Allen Valley Shale 
Spieker (1946, p. 127) designated a body of marine shale, between 
the sandstones of the San Pete and Funk Valley Forrrration, , as the Allen 
Valley Shale. The type locality is 3 miles southw®st of :Manti in Allen 
Valley, and the only other exposure is in Salina Canyon. 
The Allen Valley Shale consists of evenly bedded gray marine shale, 
interbedded with thin layers of yellowish bentonite, siltstone, very fine 
grained sandstone and gray limestone. The beds are relatively thin, 
about a foot thick, and range in texture from a trace of sand present to 
very sandy. 
In the Sixmile Canyon area, the Allen Valley Shale is overlain by 
the Funk Valley Formation and underlain by the San Pete Formations, all 
of them dipping East. 
In Salina Canyon, the Allen Valley Shale lies between the San Pete 
Formation ~nd Funk Valley Formations and the formations dip 30° East. 
Further, the Flagstaff Formation truncates the Allen Valley Shale, form-
ing an angular unconformity. 
The thickness of the formation is 650 feet in the type area and 
850 feet in Salina Canyon. 
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J, B. R0eside (1926, p. 432-435) identified fossils from the Allen 
Valley Shale as of middle Colorado (Carlisle) age. This indicates th.at 
the formation is equivalent to the Ferron Sandstone r.:em.ber of the Hancos 
Shale. C.H. Wege~ann (1915, pp. 161-184) found shale of the Sallie age 
in the Coalville region, and in southwestern Utah. Spieker (1946, p. 
128) further notes that the formation nay be widespread in a belt trend-
ing a little east of north through central Utah. 
Funk Valley Formation 
Spieker (1946, p, 128) defined the Funk Valley Formation as a unit 
of marine sandstone and shale overlying the Allen Valley Shale. The 
type locality is Funk Valley, 3 to 4 ~iiles southwest of Manti, Utah, 
where Spieker (1946, p. 128) has subdivided the formation into three 
members. 
At this locality the measured thickness is 2250 feet, but in Salina 
Canyon only the basal 600 feet of the formation is exposed. 
In Sixi:lile Canyon, the Funk Valley Forlltation is truncated by the 
alr.iOst horizontal Flagstaff Fonaation, which forms part of the lii:.b of 
the Wasatch Monocline. 
In Salina Canyon, the Funk Valley Formation lies between the Allen 
Valley Shale and the Sixm.ile Canyon Forw..ation, all forr11.ations dipping 
0 
about 30 East and truncated by the Flagstaff Lim~stone forr.1ing an 
angular unconforrri.ity. 
On the basis of fossils found in the two sandstone 111embers, the age 
of the Funk Valley Formation is at le~st 111iddle Colorado. Further, the 
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formation is equivalent in part to the Blue Gate Shale of the Mancos 
Formation in Castle Valley (Spieker, 1946, p. 128; 1949, p. 11). It is 
likely that the formation also has counterparts in the,Coilv·ille:--Evanston 
and the Ka1parowits-Kolob Regions. 
Six Mile Canyon Formation 
E. M. Spieker (1946, p. 128) defined the Simile Canyon Formation 
as a thick succession of coarse grained gray sandstone and conglomerate 
containing a coal member of finer grain. At the type section, Sixmile 
Canyon, just east of Funk Valley, Spieker (1946, p. 128) subdivided the 
formation into three members. At the type locality the formation is pro-
bably more than 2,800 feet thick. The Sixm.ile Canyon Formation is also 
exposed in Salina Canyon. 
In the Sixmile Caeyon area, the Si:xndle Canyon Formation is under-
lain by the Funk Valley Formation, both formations dipping east. It is 
overlain mostly by the Price River Formation and Flagstaff Lin1estone 
forming a sharply defined angular unconformity. 
This complex relationship has been unravelled by Spieker (1949, p. 
50) as an older easterly dipping monocline overlain by the younger 
westerly dipping Flagstaff Limestone, which forms part of the Wasatch 
Monocline. According to Spieker (1949, p. 50) younger formations were 
deposited over the Flagstaff Lin1estone, but they were subsequently eroded. 
In Salina Canyon, the Si:xmile Ca~yon Formation is underlain by the 
Funk Valley Forn'l.ation, both formations dipping east. The overlying Price 
River, and Flagstaff Limestone truncate the Si:xmile Formation forming an 
angular unconformity. 
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R. W. Brown and J.B. Reeside irt 1935 and 1936 determined, from 
fossil plants and mollusks collected from the co.al-bearing member, that 
the Sixr.1ile Canyon Formation was of upper Colorado age. 
Spieker (1946, p. 128; 1949, p. 11) correlated the formation with 
the upper pa.rt of the Blue Gate Shale Hember of the Haneos Shale in 
Castle Valley. Similar coal-bearing rocks of Colorado age are also 
found in southern Utah. 
Finally-, it will be noted, that although the Price River Formation 
is widely distributed in central and eastern Utah, it is absent in the 
Ninemile Area, thus representing a disconfor.m.ity between rocks of the 
Indianola Group and the North Horn Formation. 
CRETACEOUS AND TERTIARY SYSTEMS 
North Horn Formation 
Definition. Spieker (1946, pp. 132-133) redefined the lower member 
of the Wasatch Formation as the North Horn Formation. The type local-
ity is on North Horn Mountain in the east-central part of the Wasatch 
Plateau, where it has been subdivided into four basic units. 
Description. The North Horn Formation according to Spieker (1946, 
p. l23r 1949, p. 26) consists of variegated shales with associated sand-
stones, conglomerates, and fresh water limestones. This general facies 
is most widespread in the central and southern parts of the Wasatch 
Plateau. In the northern part of the Wasatch Plateau and in the Cedar 
Hills the formation is dominantly red, and contains more conglomerate. 
In the Gunnison Plateau, Spieker 1 (1949, p. 29) describes three 
rapidly changing facies of the formation. At Wales Gap, it consists of 
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an upper limestone mem.ber with beds of coal and oil shale and a lower 
member of shales and sandstones. But at Peach Canyon, about a mile 
southward, the formation changes abruptly to a massive sandstone and 
conglomerate faeies. Five miles farther south, in Dry Canyon, the 
formation changes again into the general facies of the Wasatch Plateau, 
then south of Dry Canyon the formation appears as gray shale and calcar-
eous siltstone. In another locality, the Valley Mountains, southwest 
of the Gunnison Plateau, the formation changes westward to a distinetive 
brown sandstone and a subsidiary red shale. 
In the Ninemile Area, the North Horn Formation consists of pale 
yellow and yellow brown sandstones, prominent channel conglomerates, 
red-brown to red mudstones, interspersed with a thin bed of yellow-
brown sandstone, and an uppermost bed of gray-brown conglomerate with 
numerous large oncolites. 
Distribution, Thickness and Stratigraphic Relations. The North 
Horn Formation is widely- distributed in central Utah. Spieker (1949, 
p. 26) notes that it makes up most of the main body of the western 
half of the Wasatch Plateau, is the dominant formation in the Valley 
Mountains, and is prominent in the Pavant Range and in Long Ridge, 
west of Juab Valley. 
In the Ninfflllile area, the North Horn Formation is exposed only in 
the south eastern foothills of the Gunnison, from a point on the west 
side of Highway 89, near Christianburg, northward as far as the west 
side of the Gunnison Reservoir, where it pinches out against the Flag-
staff Limestone and the cover of valley alluvium, 
The :max:in:.ur:1 thickness of the formation is 9,000 feet near the 
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Cedar Hills, It is 2,800 feet or more in the Gunnison Plateau and the 
Valley 11:ountains, 1,500 to 2,000 feet in the Wasatch Plateau, and only 
500 feet thick in lower Salina Canyon, In the Nineraile area, the 
max:irmn thickness is 385 feet, but it may thin out to 50 feet. 
The North Horn Formation according to Spieker, (1946, p, 133) 
grades downward into the sandstone and conglomerate of the Price River 
Formation and passes transitionally upward into tho F1agsb.ff Lir.!estone 
in :most pluces in central Utah, 
In Si:xr.1ilc Can,yon, the Fl3,gstaff Limestone overlies the North Horn 
Formation, along with the older Price River and Si:xrdlo Canyon Form2-tions, 
in an angular unconfornity, This unconforr.1ity is the t,ain evidence for 
pre-Flagstaff monoclinal folding and subsequent erosion before the 
deposition of the Flagstaff Lit:;estone, This event .as described by 
Spieker (1946, p. 133) is in contrast with the formation relationships 
on the western piedmont of the WD.satch Plateau, where the angular contact 
between the Flagstaff Lirmstone and older rocks is a thrust fault, 
In Salina Canyon the Flagstaff Limestone also truncates the North Horn 
Formation and older rocks forming an angular unconformity that has not 
been deforr.1ed by thrust faulting. (Spieker, 1946, p. 134) 
In the Ninen:ile are:a, the North Horn Formation overlies the 
l0!orrison ( 7) Foru[.!,tion and the San Pete Formation in an lil..rlgular uncon-
formity. In Sec. 6 of the map area, the North Horn Formation dips 
25° to 30° West and the Morrison(?) Formation and the San Pete 
Formation dip about 35°-40° East. In the S, W. ,i of Sec, 6, a rotated 
fault block has exposed an underlying band of the Sa..n Pete Formation 
between the upper and lower fault blocks, 
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N@ar Christianburg, at a point on the west side of Highway 89, the 
Flagstaff Lir.iestone overlies the North Horn Formation in a slight .angular 
unconformity, Babisak (1949, p, 47) traced the ledge of Flagstaff Lime-
stone northward to the main part of the Gunnison Plateau, where this 
ledge lies 200 feet above the North Horn Formation as compared with 
about 15 ft. near Christianburg. Hence, the inference that the Flag-
staff Limestone was deposited on a surface of considerable relief cut 
into the North Horn Formation, The North Horn Formation dips about 
0 0 JO West, and the Flagstaff dips about 25 West, farther north in Sec, 6 
of the Ninenrl.le Area the contact is all.nest oonfon~able, and in Maple 
Canyon it finally becomes conformable. 
Age and Correlation, The age of the North Horn For.t'!l.ation (Spieker, 
1946, p, 139-145; 1949, p, 28) is based mostly on pa.leontological evi-
dence, J, B, Reeside identified numerous species of fresh water mollusks, 
collected from the lower part of the formation east of Nt, Pleasant, 
Utah, as of Upper Cretaceous age. Then Reeside and Spieker, in 1935, 
collected vertebrate fossils on North Horn Mountain, later identified 
by C, W, Gilmore as distinctive of the Upper Cretaceous, However, the 
middle 600 feet of the formation, after careful search by Gilmore, 
Spieker et, al., yielded only undia~nostic fessils. To further compli-
cate the stratigraphy, the upper part of the formation contains mammalian 
bones of Paleocene age. Thus the formation contains rocks of both 
Cretaceous and Tertiary age, and further no new evidence has been 
unearthed to place a limiting line somewhere between the two ages of 
the formation, 
In review then, it is evident that regional and local correlation 
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of the North Horn Formation is often difficult because of rapid facies 
ehanges and other litholo.gic anoqlies, along with the lack of diagnos-
tic fossils in key areas. 
Spieker (1946, p. 135) correlates the North Horn in part with the 
La.nee and Ft. Union Formations of the northern plains and with the Ojo 
Alamo, Puerco, and Torrejon Fomations of the San Juan Basin (north-
western New Mexico) on fossil evidence. Locally, (Spieker .:1949, p. 28) 
the formation will intergrade and intertongue with the Prioe River and 
Flagstaff Formations. 
TERTIARY SYSTEM 
Flagstaff Limestone 
Definition, Spieker and Reeside (1925, p, 448) first defined the 
Flagstaff Limestone as the middle laeustrine member of the Wasatch 
Formation. Later, Spieker (1946, p, 135) elevated it to formation rank 
on the basis that it contains fossils older than Wasatch in age, and also 
because in thickness and extent it is a major stratigraphic unit in the 
region. Further, the Flagstaff Limestone is more closely related to 
the Green River Formation than to the North Horn and Colton Forl'llations, 
which are flood-plain deposits, 
Description. Although the formation is chiefly fresh-water lime.-
stone, it may also be interbedded with shale and minor amounts of 
sandstone, Locally, it may also contain gypsum, volcanic ash, oil 
shale and other bitu.rn.inous and carbonaceous beds, and conglomerate. 
Specifically, the lil~estone may be dark gray with fossils, dark 
gr2,,y, massive, relatively unfossiliferous, and crear:1 to light t.an 
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resenbling lithographic limestone. Chert beds, nodules, and algal lirJe-
stone are abundant. The limestone 111.ay be brecciated or fragmented 
(Spieker, 1949, p. 31) 
In the Ninemile area, the Flagstaff Lilllestone is of the gray, 
unfossiliferous variety. The resistant beds, which form ridges, are 
silicified and often jointed. The limestone is interbedded with sha.ly 
beds that have weathered to mudstone. Honeycomb weathering is also 
evident in the silieified limestone beds. 
Distribution, Thickness, and Stratigraphic Relations. According to 
Spieker (1949, p. 30) the Flagstaff Limestone is the nost prominent 
formation in the area. It forns the white cliffs at the top of the 
Wasatch Plateau, and on the western flank of the plateau it forns the 
dip slopes of the Wasatch Monocline as far south as Sixrnile Canyon. It 
caps the eastern front of the Gunnison Plateau, and west of the Gunnison, 
it is present in the Valley Mountains, on Long Ridge, and in the 
Pav.ant Range. On the south, it is exposed on the Fish Lake Plateau. 
And finally, it also occurs in the area north of the Book Cliffs 
(Spieker, 1949, pp. 30-31; Babisak, 1949, p. 51). 
In the Ninemile area, there are two separate exposures. In the 
west, it caps the foothills of the Gunnison Plateau, and in the gulch, 
south of Highway 89, in Sec. 17, there is a sntll, but important outcrop. 
The thickness of the formation varies between JOO to 800 feet. 
However, in the southern part of tho Wasatch Plateau, in the Valley 
Mountains, and in the Pa:va.nt Range, it may be 1500 feet or more in 
thickness. 
In the Nineraile area, the maxinnnll. thickness of the formation is 
about 565 feet, although the formation decreases in thickness to 
about 350 feet farther south in the map area. 
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The stratigraphic relations between the Flagstaff Formation and 
older rock-stratigraphic units were discussed. in the preceding section 
on the North Horn Formation. 
In general, the Flagstaff Formation is overlain by the Colton 
Formation. J. R. Gill (1950, pp. 18-19) in his comprehensive study 
of the flagstaff, remarks that from place to place the contact between 
the fo!'J1:lations may be either gradational or sharp and clear, 
Spieker (1946, p. 136) notes that at Thistle the Colton Formation 
is absent, because of a westward facies change from the red beds and 
sandstones of the Colton Formation to the shales, sandstones, and 
lhtestones of the Green River Formation. Thus, in the Thistle District 
the Flagstaff Limestone is overlain by the Green River Formation. 
Further, Spieker explains that the Flagstaff Formation in this area 
has the form of a tongue of the Green River Formation. East of Thistle 
the flagstaff Forriation intertongues with the Colton Formation. 
In tho Ninemile area, in See. 17, the small exposure of the Flag"" 
staff Limestone is of importance, bee.a.use this indicates that the 
formation was deposited in an angular unconformity over the Twist 
Guleh and Arapien Shale. Thus the 'Flagstaff Formation was also involved 
in the post-Green River thrust faulting in this area, 
Age and Correlation. Spieker (1946, p, 136) on the basis of some 
paleontological evidence (fresh-water mollusks) and its stratigraphic 
position, overlying the North Horn Formation, was inclined to favor a 
Paleocene age for the Flagstaff Limestone, However, Gill (1950, pp. 118 
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and 1.54) found forms, ineluding Goniobasis tenera Var. c, in the upper 
part of the formation that are characteristic of the Eocene. There-
fore, Gill favors an upper Paleocene age for the lower part of the 
fornation, and an early Eocene age for the upper units, 
La. Rocque (1956, p, 141) on the basis of further paleontological 
study, infers that the formation was deposited from medial Paleocene to 
early Eocene, and in some places middle Eocene time. 
Gill (1950, p, 119) states that none of the Paleocene formations 
have ever been traced into strata of the Flagstaff Limestone. However, 
since the Flagstaff intertongues with the Colton and the North Horn 
Formations, it is therefore partly contemporaneous with them. The 
formation may also be equivalent in part to the Knight and AJ.ity Forma-
tions of the Wasatch Group of southwestern Wyoming, along with the upper-
most Fort Union strata of the northern Great Plains. (Gill, 19:50, p. 
120) and (Gilliland, 1948, p. 65) 
Finally, on the basis of lithological similarities, Spieker (1949, 
p. 32) and Gilliland (1948, pp. 65-66) eorrelate the Flagstaff Line-
stone with the Wasatch Foriitation of the Bryce Can;yon-Ced;ar Breaks area. 
Colton Formation 
Definition. The Colton Formation was defined by Spieker (1946, 
p. 139) as consisting of the beds in the hills north of Colton, Utah 
between the Flagstaff Li.Mestone and the Green River Foroation, The 
Colton Form.ution was formerly the upper m.e:ri.ber of the Wasatch Forn1ation. 
Description, The generalized description of the Colton Form.2.tion 
by Spielrnr (1946, p. 139) ~t the type loc.tli ty consists of beds of gray, 
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pepper-and-s.i.lt sandstone, greenish buff s::i.ndstone, lmd siltstone 
thD.t cor:::,only weathers golden orown, and shal0 ranging fron deep rccl to 
v.:1rieglttod and gray in color, 
In the :Jineni.ile nrea, the fornation is comprised of shal;y, red ruud-
stone, brown nudstone interbedded with micaccous sandstone, and a gr0en 
Ludstonc interbedded i:dtl;l a· liaarly l:u11estone. 
Distribution, Thickness <2.nd Stratir;raphic Re.lations. The Colton 
Formation is restricted to the northern and western Ear[:;ins of the 
Wasatch Plateau, the body of the Gunnison Plateau, and the southeastern 
margin of the Valley Mountains. (Spieker, 1949, p, 34) 
In the tanemile area, the fornntion occurs in the gulch south of 
Highway 89 in Sec, 17, There a.re also small exposures in Sec. 8, 
south of the Gunnison Reservoir, and on the west side of Arapien 
Valley in Sec. 17 of the raap area. 
The Colton Formation according to Spi0ker (1949, p. 34) is 
generally fron JOO to 1,000 feet thick, but on the western Wasatch 
:md West Tavaputs Plateau it 1112.y range from a trace at the edge of a 
tongue to more than 1600 feet in thickness. Hunt (19.56, p, 18) claims 
a maximum thickness for the formation of about 2,000 feet along the 
Green RivGr, It thins to the west by grading into or intertonguing 
with the underlying Flagstaff and overlying Green River Formations. 
In the Nine111ile area, the Colton Formation overlies the Arapien 
Shale in Sec, 8 but this appears to be the result of the post-Green 
River thrust faulting, In Sec. 17, the Colton Formation overlies the 
Twist Gulch, and in one place it overlies the Flagstaff Formation, 
This is the result of both thrust faulting and a high angle normal 
fault trending approximately north and south. Overlying the Colton 
Fonnation in the area is the Green River Formation. In the Ninemile 
Area, the measured section was only 284 feet thick in Sec. 17 of the 
map area. 
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Age and Correlation. Spieker (1949, p. 139) inferred from the 
paleontological and stratigraphic evidence, that the Colton Formation 
was of lower Eocene age. La Rocque (1956, p. 141) on the basis of 
fresh water mollusks also dated the Colton as Eocene in age. 
H. E. Wood (1941, p. 1) correlates the Colton Formation with the 
upper formations of the Wasatch Group of central Colorado and south-
eastern Wyoming. The Colton Formation is also presumed to be equivalent 
to the lower Green River Formation in southeastern Wyoming and north of 
the Wasatch Plateau, The Colton Formation is probably equivalent to 
the Wasatch Formation of the Piceanee and Uinta Basins, 
Green River Formation 
Definition. F, v. Hayden (1869, p. 90) named and defined the 
Green River Formation as a series of thin, laminated, calcareous 
shales that are exposed along the Green River near Rock Spring station, 
Wyoming. The type locality is at Green River, Wyoming, 
Description. According to W, H, Bradley (19'.31, p. 9) most of the 
formation at the type locality consists of finely laminated marlstone, 
some of which is oil shale. Bradley has subdivided the formation into 
the following three members: 
a) The Tipton Shale Member - This is the basal unit and 
eonsists of calcareous or sandy shale and marlstone that weathers 
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buff or gray buff, 
b) The Laney Shale Member - This :member is divided into two 
units. The lower one contains more marlstone and sandstone and 
weathers a dull gray. The upper unit is nearly all finely 
laminated marlstone, shale, and oil shale and weathers stark white. 
c) The Morrow Creek Member - This upper member is comprised 
mostly of crudely bedded sandy and calcareous shale or shaly 
marlstone that weathers yellowish-brown. 
At the type locality the Green River Formation includes the Tower 
Sandstone Lentil, 125 to 245 feet thick, at the top. 
The Green River Formation has a complex lithology and a wide areal 
extent, and for these reasons Bradley divided the lithologic descrip-
tion into two parts, thus covering the rocks east and west of Bitter 
Creek, Utah. 
East of Bitter Creek,Utah tlhe formation has been subdivided into 
four members: 
a) The Douglas Creek Member - This is the basal menber composed 
of 200 to 800 feet of buff or yellow-brown shale containing 
considerable sandstone, marlstone, algal reefs and oolite. 
b) The Garden Gulch Member - This member is composed of 200 
to 700 feet of marlstone or organic-rich shale in paper thin 
laminae and some fine-grained sandstone and siltstone. 
c) Thtll Parachute Creek Member - This member is distinguished 
from other parts of the formation by its content of oil-shale beds. 
It contains all the large groups of rich boo.s, most of the 
individual rich beds, and a very large proportion of the low-grade 
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shale. This oil-sh~le f:.icies of the Green River Formati.on re.:..ches 
its maY..i.mw.1 thickness and probably its :maxim:um richness in the 
vicinity of Parachute Creek, Colo, The thickness ranges frora 175 
feet at Watson, Utah to 1,000 feet at Parachute Creek. 
d) The Evacuation Creek Member - This upper n:er.iber consists 
chiefly of barren shale and marlstone. It is 2,000 feet thick in 
the western part of the Uinta Basin, but thins eastward to 500 feet, 
In central Utah Spieker (1949, p. 35) states that the Green River 
Formation is somewhat different fron the facies of the Uinta Basin and 
western Colorado. Here, the forr,1ation consists of two men:bers, both 
about 100 to 400 feet thick. Tho lower member is a blue-gr~ to light 
blue shale, and the overlying units are cream to tan shale, This upper 
mentber, locally, contains oolites and numerous volcanic ash beds, 
In the Niner.tile area, the upper limestone member represents the 
majority of the form.ation, Nevertheless, the lithology is varied. At 
the base of the f orr1a.tion there is a green nmdstone int or bedded with 
shale, which is followed by a relatively thin bed of nicaceous siltstone. 
These beds are overlain by a calcareous light-bro1-m mudstone, a gr:..y 
silts tone interbedded with an oolitic lil-iaestone bed, tuff beds, a 
r1a.ssive gray linestone bed, and finally a green and brown mudstone 
interbedded with sh&i.le. 
Distribution, Thickness and Stratigraphic Relations. The Green 
River Formation is widely distributed in parts of Wyoming, Colorado, 
and Utah, It underlies the Uinta Basin and extends northward into the 
Wy . "" . orn.1.ng oas1n. It also occurs in the Piceance Basin of western Colorado, 
These two structural basins are connected by a. narrow isthmus of the 
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formation. (Bradley, 1931, p. 1) 
In central Utih Spieker (1949, p. 35) notes that the formation is 
exposed mainly at the base of the Wasatch Platea.u on the north and west, 
and in the upper levels of the Gunnison Plateau. It also occurs at 
the bases of the Valley Mountains and the Pavant in the vicinity of Round 
Valley. In the Ninemile area, it for.ms the outer flank of the Wasatch 
Nonocline. 
At the type locality the Green River Formation is 1350 feet thick. 
In the Uinta Basin, it may range in thickness from 1,100 to 4,000 feet, 
and north of the Wasatch Plateau its maximum thickness is 6,000 feet or 
more. In central Utah the formation may be up to 800 feet thick, and 
in the Ninemile area it is approxintately 625 feet thick. 
In eastern Colorado, southern Wyoming, .and eastern Utah the Green 
River Formation is overlain by the Bridger Formation. The contact is, 
in general, confor.mable, but Bradley (1931, p. 22) notes the possibility 
of an angular relationship between the two formations on the northern 
edge of the Vinta Basin. The Green River Formation overlies the Colton 
or its equivalent, the Wasatch Fomation of the Uinta and Piceance 
Basins. 
In central Utah the Green River Formation conform.ably overlies the 
Colton Formation. In the Arapien Valley, the Green River Formation has 
been deposited in angular unconformity with the Arapien Shale and later 
thrust faulted along the unconfoI'l11.ity. Overlying the Green River For-
mation disconformably is the Crazy Hollow Formation, 
In the Ninemile area, the Green River Formation overlies the Colton, 
but in some places it also overlies the Arapien Shale in an angular 
unconforNity. This relationship raay be in part depositional since it 
appears that there has also been thrust faulting in the area. 
Age and Correlation. E.W. Ber!"'J (1925, p. 360) on the basis of 
paleobotanieal evidence, assigns a niddle Eocene age to the Green 
River Formation. Spieker (1949, p. 13) also classifies it as riiddle 
Eocene, mostly on the basis of stratigraphic position. 
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Regional correlation is difficult because of the position of the 
Green River For~ation as the uppermost unit in ~any area$. However, 
Berry (1925, p. 360) expressed the opinion that the Green River Fornra-
tion can be eorrelated with the Auversian stage of the European section. 
Crazy Hollow Formation 
Definition. The Crazy Hollow Fornation was defined by Spieker 
(1949, p. 36) as the unit of red and orange sandstone, siltstone, shale, 
white sandstone, and salt-and-papper sandstones that overlies the Green 
River Forr!ation and underlies the Gray Gulch Formation. The type local-
ity is in Crazy Hollow on the south side of Salina Canyon. 
Description. In the Ninemile area, the Crazy Hollow Formation con-
sists of a gray micaceous sandstone, a coarse dark gray conglo:r.'!.erate 
with jasper pebbles, and units of gray and red cross-bedded sandstone. 
Distribution, Thickness, and Stratigraphic Relations. The Crazy 
Hollow Formation is scatt,,red over a wide area in central Utah. Along 
with the exposures in CrQZY Hollow and the district to the south, it is 
also expos(~d at the b~se of the Wasatch Honocline between Willow 
Creek and S.J.lina .Creek, ci.nd in the foothills of tho Wusatch Plateau 
i,,: edi=.t(·ly to the west. It occurs on Ter,ple Hill near E:rnti, near 
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Spring Cit3r, and in the south...,rn po.rt of S.an Pete Vallsy. It is also 
present on the west side of the Gunnison flateau. (Spieker, 1949, p. J6) 
In the 11:inc;rile area there is .:i. s1;~all exposure: cD.ppins the e;;i.st 
side of ths gulch in Sec. 17. The v,ost prordnent exposure occurs on 
the flank of the uonocline in Sections 15 and 22 of the m~p area. 
The thickness of the Cr-.zy Hollow For1n.ation .at the type locality 
is about 600 feet near the northeast corner of the Gunnison Reservoir. 
Babisak (1949, pp. 67-70) measured 428 f eiet of the Crazy Hollow Forna-
tion. In the Niner1ile .arf;.a, the thickness is about 80 feet in Sections 
15 and 22, and only about 15. f®et in Sec. 17. 
Spieker (1949, pp. 35, 36) cl.aims that where its base can be clearly 
seen, the Crazy Hollow lies disconformably on the Green River Formation 
or on older beds, and in the Cr.;;i.zy Hollow-Twist Gulch district it was 
oeposited on a surface of some relief. In Twist Gulch there is evidence 
of a post-Green River, pre-Crazy Hollow epoch of faulting and erosion, 
causing the Crazy Hollow beds to rest locally in angular unconformity 
on the Arapien Shale. Finally, where observed, the Green River and tho 
Crazy Hollow Formations have parallel attitudes. 
The Crazy Hollow Formation is disconforrnably overlain by pyroclastic 
sediments of the Gray Gulch Formation and the siltstones of the Bald 
Knoll Formation. 
Age and Correlation. On the basis of stratigraphic position Spieker, 
(1949, p. 36) assigns an Eocene or possibly a late Eocene age to the 
Crazy Hollow Formation. 
The Crazy Hollow Formation has not been correlated with any other 
formation in the region. 
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Axtell Formation 
Definition. The Axtell Formation was defined by Spieker (1949, 
p. 39) as the youngest bedrock in the area. It is mainly a conglomerate 
containing pebbles, cobbles, boulders of all other bedrock formations 
including the lava beds. The type locality is two miles east of Ax.tell, 
Utah. 
Description. In San Pete County the Axtell Fo!'lltation most commonly 
occurs as a dissected alluvial fan rim.ming the western margin of the 
Sevier River Valley at the foot of the Valley Mountains. (Pratt and 
Callaghan, 1970, p. 46) The formation ranges in color from gray to buff 
to orange-brown. It is poorly sorted and li~htly indurated in a silty 
and clayey matrix. The dominant rock type is limestone fragments. 
The formation may also eontain thin sandstone beds. 
In the Nine~ile area the formation is a yellow-brown conglomerate 
in Sec. 18, but in Sec. 19 it consists of light gray limestone clasts. 
At both exposures the rocks are lightly indurated. 
Distribution, Thickness, and Stratigraphic Relations. Along 'With 
theoaeurreneuat the type locality, the formation is also present on a 
s~all hill east of the Gunnison Reservoir, in the foothills below the 
Wasatch Plateau, southeast of Gunnison, and at the foot of the Valley 
Mountains. 
Spieker (1949, p. 38) notes that at the type locality the Axtell 
Formation is about 50 to 75 feet thick. It dips northward about 21° in 
angular unconformity over the Green River Formation. Since the high 
angle of tilt does not appear to be the original mode Gf deposition, 
it is probable that the tilt was caused by post-depositional warping. 
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In Sections 18 and 19 of the Ninel!lile area the Axtell Formo.tion 
overlies the Arapien Shale in angular unconformity. There ~re also 
isolated remnants of the forlll.a.tion along the lower foothills of the 
Ara.pion Sh:1le. In this .i.rea the Axtell Formation uiay be up to 25 feet 
thick, especitlly in Sec. 19, northwest of Hayfield, Utah. 
Age and Correlation. The age of the Axtell Fornation is largely 
deter1ii.ined by its stratigraphic position. Since it lies above the 
lava beds it is probably late Tertiary, and since it w~s deposited on 
low-lying surfaces much like the present ones, it may also be partly 
Quaternary in age. 
The Axtell Formation has been difficult to correlate outside the 
San Pete-Sevier Valley area, because of its discontinuous nature ~nd 
relatively :dnor occurrences. Gilliland (1948) suggests that the 
foriuation nw..y be equivtlent to the Sevier Valley and P.;..runaweap For-
nation farther south, in Utah. 
STRUCTURAL GEOLOGY1 
REGICJ\!AL STRUCTURE 
Central Utah lies in the transition zone betw®en the Colorado 
Plateaus :llld the Great Basin. Bordering the San Pete .ind Sovi!":r 
Valleys on the @ast is the Wasa.tch Plateau, which enbodios features 
of both provinces. In the e&stern part of the plateau the rocks dip 
gently to the west, .and in the central part of the plateau, where the 
rocks are nearly horizontal, they form broad swells and depressions, 
which have been broken by systems of high-:mgle nort,al faults. These 
faults have r~sultoo. in five r.1ajor graben tr~nding north-south on the 
1}:odified after Spieker, E. M. , 1949, pp. 39-77. 
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top of th~ plateau. Further, these graben are distributed. across the 
plateau en,echelon from northeast to southwest. 
On the northern border of the plateau the rocks plunge toward the 
western end of the Vinta Basin in the Soldier Eonocline, and on the 
west tlley plunge into the San Pete and Sevier Valleys on the Wasatch 
r,:onocline. 
In the central part of the region, two large structural depressions 
form the San Pete and Sevier Valleys. They are both underlain by the 
titanic San Peta-Sevier Anticline. 
The Gunnison Plateau borders the San Pete Valley on the West. This 
plateau also lies in the transition zone between the two provinces. On 
the western and eastern margins of the plateau normtl faulting has taken 
place. This is further complicated by numerous thrust faults on the 
eastern side of the plateau. The center of the plateau is underlain by 
horizontal or gently dipping rocks. In a motor traverse across the 
Gunnison Plateau, it was aseertained from the attitude of the rocks 
from Wales Gap to Levan, Utah, that the plateau is a broad syncline. 
LOCAL STRUCTURE 
The lifinemile area has several interesting struetural features that 
are of importance to the overall geology of the region. Two of the 
:rnost striking structur:i.l features are the rel'!tnants of the San Pete-
Sevier Valley anticline, and the presence of the outer flank of the 
Wasatch Plateau. Subsidiary features are the numerous normal faults, 
the presence of a large thrust sheet, and the synclinal nature of the 
Arapien Valley. Several angular unconformities are present in the area. 
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All of the features are of importance in the orogenie and geologic 
history of the area. Each of these features will be exrunined in detail. 
Folds 
San Pete-Sevier Valley Anticline. W, N. Gilliland·(1963, p. 115) 
describes the San Pete-Sevier Valley anticline as a very large, slightly 
sinuous anticline with a highly mobile shale (Arapien Shale) core 
trending north-south in Sevier and Sanpete Counties. It is 65-70 miles 
long and has structural relief of possibly 15,000 to 20,000 feet. 
The fold had its inception no later than the early Laramide orogeny 
and was probabiy initiated by compression. Later, the highly ~obile 
Arapien Shale flowed toward the axial area because of renewed compres-
sion as well as geostatic pressure. As a result the Arapien has been 
topographically high almost constantly since its exposure following the 
early Laramide orogeny. As a further result, all the stratigraphic units, 
with possibly one exception, deposited in the area since the early 
Laramide orogeny are known to overlap the Arapien core, and ma~y locally 
dip away from it. 
Some of the uneonformities in the irnmediate vicinity of San Pete 
and Sevier Valleys, whieh were previously interpreted as indicators of 
compression, may more correctiy reflect the upwelling of the Arapien 
Shale, and the attendant tilting of the overlapping strata. (Gilliland, 
1963, p. 115) 
The evid@nce for the existence of an anticline in the Ninemile area 
was obtained by taking the attitudes of the different formations. On 
the Gunnison Plateau the Morrison and San Pete Formation are overturned, 
as ascertained from cross-bedding, and dipping to the east. The 
amount of dip decreased from 80° te J:/ in a traverse a.cross the "Red 
Hills," However, on the east side of the valley the underlying forma-
tions are obscured by alluvium and the Green River Formation. From our 
traverse across the SiJanile Canyon area, near Palisade Lake, we were 
aware that the Morrison For~ation and fonaations of the Indianola Group 
were exposed on the east side of the valley dipping about 45°-50° to the 
east. From the strike of the formations at this locality, it became 
apparent that formations were covered under the flank of the Wasatch 
Eonocline in the Ninemile area. Since the Arapien Shale is the oldest 
exposed fo!'l'ita.tion in the area, it was assumed to be the core of the anti-
cline. In Seo, 7, the San Pete Forr4ation was observed to be dipping 
west about 6° and overturned, whereas nearby beds of the s.ante formation 
are dipping 65° east and also overturned.. This sudden change in dip is 
the basis for assl.llning the San Pete-Sevier Valley anticline to be a fan-
shaped fold, 
Wasatch Fonooline. The Wasatch Honocline, because of its magnitude, 
is a classic exru"l.ple of this type of folding. The inonocline extends for 
more than 60 miles along the western front of the Wasatch Plateau and 
has a ni.aximun displace11rnnt of 8500 feet. The basis for calling this 
structure a r:ionocline is also the attitude of the foruations. Near the 
top of the pb.teau the formations are ahiost horizontal. On the flank 
of the m.onocline the dip increases from a few degrees to about J0° west. 
However, in the Nino:mile arr:;.a, near the base of tlrn :f.'oru1ation the dip 
0 decreases to about 12 wc,st. 
~:a.yfiGld Syncline, The ArD..pien Vdley is structurally .:i.. syncline. 
The Green River Forna.tion dips into the val:i..o;y at about 12°, but 
instead of disappearing under tho alluviun it e:G1ergcs on the other side 
of the valley, forming its Wl'lst wall. Tho fon:-.ation on the west side 
of the valloy ch::s about 25° to the east. Thus the sti-ucture is an 
.'.:,Syr':I,,.0tric[ll syncline. Along with the Grc;en River ForL.?.tion, beds of 
the Colton, and Flagstaff For:rnations are also involved in the fold. 
Faults 
Antithetic Faults. The Wasatch l'lonocline is fractured near the base 
by four nearly p~,rallel, high-angle, norrnal faults. Tho faults dip 
about 85° east and the displacerr.ent r~ay be as nuch as 180 feet, The 
strike of these faults is essentially.north. Physieal evidence for these 
faults can be seen on the north wall of Twelv01,:ile C~yon, east of LTay-
field, Utah. Tho trace of the faults could ~.lso be seen on ~erial 
photographs. 
Thrust Fault, West of the Arapien Valley, rocks of the Flagstaff, 
Colton, .and Green River Formations overlie the Twist Gulch and Arapien 
Shale. This rolationship is in part an angular unconformity, but it 
... lso appears that the younger rocks have been thrust over the older 
fornations. The evidence for this rn.ovement is based on the theory that 
as the nore nobile Arapien Sh.ale was involved in orogenic movement in-
dependent of the other formation, the more cor1petent l:in1estone beds slid 
along the unconformity. An in Sec. 18 of the 1\Jinemile area a sharp, clear 
contact between the Green River Formation appears to be the result of a 
thrust fault. (Billings, 1933, pp. 153-155) 
Normal Faults. In the Nine1nile area, on the lower Gunnison 
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Plateau, a norntl fault has displaced rocks of the North Horn Formation 
revealing the underlying strata of the San Pete Formation. A high-angle 
fault has displaced the strata on the Arapien hogback near the Ninemile 
Reservoir. 
Spieker (1962) believes that a fault or fault zone near the west 
edge of the San Pete Valley accounts for the uplifted east side of the 
Gunnison Plateau. The fault or fault zone has a displacement of near 
zero feet at the extreme south end of the plateau to over 8,000 feet 
north of Ephraim. (Gilliland, 1963, p. 119) 
Unconform.ities. There are numerous unconformities in the Ninemile 
Area. The Crazy Hollow Formation overlies the Green River in a discon-
form.ity. The Green River, Colton, and Flagstaff Limestone overlie the 
Arapien Shale and Twist Gulch Formation in an angular unconfo!'lllity. The 
North Horn Formation truneates both the I1orrison and S&l.?l Pete Formations. 
The Flagstaff overlies the North Horn Formation in a slight angular 
uneonfor111ity. Finally, the Axt.ell Formation overlies the Arapien Shale 
in angular unconformity. 
ECONOMIC GEOLOOY 
Sanpete County has never been the site of a major mineral dis-
covery, but extensive natural resources are continually- being developed. 
One of the most important resourees is the water supply. In this 
respect, the people of the valley have been fortunate. Nevertheless, 
all available water supplies are covered by riparian rights, therefore 
ill new 001mRercial and agricultural enterprises must seek to purchase 
their own water supplies. (Pratt and Callaghan, 1970, p. 21) 
48 
The major sources of ground water are fault springs and artesian 
wells. The thick alluvial fill, about .500 feet, in the Manti-Ephraim 
area, along with porous beds in the Crazy Hollow, Green River, Colton, 
flagstaff, and N0rth Horn Formations may provide reservoir rock for the 
flow of water from the highlands of the Wasatch Plateau, Faults and 
assoeiated structures along the west side of the valley provide a dant 
against further westward migration of artesian water, and eseape into 
Sevier Valley is blocked by bedrock exposures of the Green River Fori.ua-
tion on Arapien Shale n~ar Sterling. (Pratt and Callaghan, 1970, p. 26) 
Moreover, the water supplies are carefully managed. A system of 
reservoirs and irrigation canals are used to supply the surrounding farms 
and ranches during the whole year. Ground water supplies are conserved 
by the use of surface water in times of high precipitation, Water used 
for washing coal, sand, and gravel is often recycled. The quality of 
the ground water in the San Pete Valley is good and becomes better with 
depth in the alluvial fill. Wat•r near and around the Arapien Shale is 
moderately saline, and water fro~ the Green River Formation may be very 
hard. (Pratt &nd Callaghan, 1970, pp. 26-35) 
Industrial minerals and rooks are abundant in the San Pete Valley, 
Limestone, dolomite, and dolomitic limestone suitable for construction 
purposes are widely distributed in the flagstaff Limestone and Green 
Riv@r Formation. The oolitic limestone of the Green River Formation and 
sandstone fror1 the Crazy Hollow Formation ara often used as building 
stone. 
Welded tuff from the Goldens Ranch Formation, in western Sanpete 
County is quarried, crushed, and finely ground and then marketed under 
the trade name of "Azo1l"..ite," It is used as poultry grit, a fe@d additive 
for donestic animals, and as a soil conditioner. Fuller's earth has 
been prospected for in the Green River Formation, and a snail mine was 
observed in operation in Sec. 22 of tho Ninemile area. Shale for use 
in the manuf,acture of cement, sand, gravel and quartz conglor.ierate are 
available for future use. 
In various localities, .aragonite, Mexican onyx, tufa, .i.nd quartz 
ceystals have been found. Their main use is for decoration or mineral 
collections. 
In Sevier Valley s.;i.lt, gypsu;11, and bentonite are still mined for 
co1m:1ercial purposes. The bentonite is used for lining irrigation ditches, 
in stock ponds or reservoirs to control leakage, as coveriru6 for roofs, 
and filler for soap. Its valuable property is swelling to 3} tim.es its 
size after grinding and addition of water. Formerly, calcite of optical 
quality was nin®d fro!"\ near Salina Canyon, in Sevier Valley. 
:Metallic minertl prospects in Sanpete County have been generally 
unproductive. Veey few mines have been profitable. One of these, the 
Santobar Nine in the foothills of the Gunnison Plateau northwest of 
Ephrail'; produced, in 1967, 4,200 dollars worth of lead, zinc, and silver 
ore from the Flagstaff Lihestone near its contact with the North Horn 
Formation. Sro11ples from Cedar Hills, and from the upper Sixm.ile Canyon 
have been assayed for manganese, but these areas have never been r:tined. 
Loe.al prospectors often report mining small veins, but they are 
usually disench:.in:ted when the vein is lost in a fault zone or becor1.es 
unproductive. 
Pratt and Callaghan (1970, p. 53) explain the lack of ore deposits 
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as the result of sedimentary formation~,which have not been intruded by 
granitic intrusive rocks, or covered by lavas. However, the nur.1erous 
fault zones could have served as avenues for ascending hydrothermal 
solutions, thus mineralizing the f.i.ults or replacing the limestone for-
mations with ore deposits. One can surndse that ore deposits in the 
region m:zy have been lost because of erosion, or lie in fault zones 
covered by valley alluvium. Judging fro:r.1 the known occurrences of minera-
lized areas, such as the Santobar Mine and the now barren lead-zinc mine 
in Salina Canyon, it is anomalous that mineralization eould have occurred 
on such a s1u.ll scale considering the magnitude of sone of the faults in 
the area. 
Coal was discovered in S~n Pete Valley in 1869. It was being com-
mercially mined for the Salt Lake City market in 1870, Th$ coal producing 
formation was the North Horn. In 1887, coal was being produced froM the 
Sixni.ile Canyon Formation near Sterling, but production ceased when the 
mine waters beeam.e too costly to drain, By the early 1940's coal produc-
tion had ceased in the valley. 
In 1956, the Joe's Valley gas field was discovered in the eastern 
part of San Pete County. The gas was obtained from the Ferron Sandstone 
and the Dakota Formation. Later, test drilling near Horoni indicated 
that the Ferron Sandstone and Dakota persisted at least into that area. 
However, only a show of gas was obtained and no petroleum. other wells 
have been drilled in scattered. locations in Sanpete and Sevier Counties 
without ~uch success. 
But in the sMmer of 1970, according to the financial pages of the 
Salt Lnke City Tribune, some of the major oil companies began buying oil 
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and r,as leases in Sanpete County. And on our final excursion into Dry 
Canyon with the field group, we observed a seismic crew collecting geo-
physical data. Thus, there is renewed interest in the prospects for oil 
and gas in the area. ' 
G EOHORPliOLOGY 
The outstanding geomorphie features of the area are structural in 
Grigin. These include the Wasatch Plateau, which embodies the Wasatch 
monocline, the Gunnison Plateau (San Pitch Mountains), the San Pete and 
Sevier Valleys, the Redmond, Arapien, and Cedar Hills, the Valley and 
Wasatch Mountains, and numerous cuestas and hogbacks in both the San Pete 
and Sevier Valleys, These features typify the transition zone between 
the Colorado Plateau Province and the Basin and Rani,~e Province, 
The entire drainage area of the San Pitch River, a major tributary 
of the Sevier River, and a portion of the Sevier River are included in 
Sanpete County. The Sevier River flows into Sevier Lake in west-central 
Utah. NUlll.erous permanent and inter-.aittent streu1s flow into the San 
Pitch and Sevier Rivers from the Wasatch Plateau, and interrdttent 
strean courses enter the valleys from the Cedar Hills, Gunnison Plateau, 
and V.alley Mountains, The basic stre~.r:1 drain.age pattern is dendritic, 
but tr•llis drain'1.ge predo:minatcs in the are:..s where cuestas and hogbacks 
are present. 
Glacial and peri-glacial landforr:1s are present on the Wasatch 
Plateau. Glacial cirques and moraines are found near Nanti. Lass 
noven8nt res enbling salif'luction is found on the North Horn Forr1ation 
of the upper ',fasatch Plateau. 
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Other f orns of I.lass novenent found in the North Horn For1i:.i.tion of 
the upper Wasatch Plateau uro debris avalanches, debris nows, and pro-
talus ra.t._parts. l:u~~~erou::; 1£.ndslidos involving the Crazy :Iollow, Greon 
River, Colt0n, and FL:-.. gstaff For;;;~ations are found along tho Has.";J.tch 
front butwoon Iianti and Ephr:ii:rL. 
In th<3 Snows Canyon Area, .a 1.ar.:_;c sc:u·p is present in the Gr0Em 
Rivor Forr:,.c:.tion ,·tlth D. toreva block belo·w it. 3on0ath tho block is l1nd-
slide debris frorr, the Fl&.6staff, Colton, and Gr,:ien River Forno.tions. 
(Groen, 1969, p. 27) In tho r\inomilo Aroa, [!_ 1~1.r;;;c quantity of colluviuL 
and what apper,rs to be a sr.:all landslide are found in section 6 of the 
Thero are striking ex.u.r·ples of chenictl and ·,echanical ·weathering 
in tho area. Tho cher:1ical breakdovm of s,~1 t and gypsUJ'.: in the Arapien 
Shue ~ccelerate the erosion of this formation. Although chenical 
weathering is evidont in the more cm,1petent Flagstaff [l,nd Greon River 
For:mations, frost-wedging could also bo seen on the chej;;icitlly resistant 
ledges of these formntions. 
Soils of the 1~egion are generally sh.allow. They are basically 
lithosols, rough stony land, or gray-brown desert soils. Soils differ 
e;reatly in short distances according to the parent material of the bed-
rock. 
The soils below an altitude of 8,000 feet are of the pedocal type 
(characterized by :i, liny sub-soil). In the aroa near Sterling, caliche 
has developed on th0 soil, 
Above 8,000 feet pedalfers (Al, Fe, or non-liny soils) ~re 
devdoped, This type r:w.y include the more fertile gray-brown podzolic 
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soils. In the valleys and along the flood plains of the rivers rich, 
alluvial soils have developed. (Hunt, 1956, pp. 6-7) 
GEOLOGIC HISTORY2 
The g.eologic h.istory of the exposed rocks of the area begt.1.n with 
the deposition of the Ar.apien Shale during the :Middle and Late Jurassic. 
It was deposited on older Kesozoia and Paleozoic rocks, and these 
deposits asswned the form of a geosyncline trending about north and south, 
The Arapien Shale was deposited in a complex environnent, which 
included an initial invasi0n of the Jurassic Sea, that deposited nud-
stones, siltstones, and shales, followed by a regression of the sea 
producing a closed basin environment necessarJ for the deposition of 
rock salt and gypsum. Later, after more mudstones were deposited, closed 
basins again prevailed for.ming rock salt deposits. After the deposition 
of the Arapien Shale there was a re-invasion of the Jurassic Sea, whieh 
deposited the mudstones, siltstones, and sandstones of the Twist Gulch 
Fo!'J:;!ation. 
In Upper Jurassic, and possibly Early Cretaceous ti.mes the Morrison 
(?) Formation was deposited in a flood-plain enviromaent, although eross-
bedded sandstones also indicate the presence of deltaic deposits. 
Penecontemporaneous with the deposition of the Morrison (7) Forma-
tion was an initial orogenio uplift to the west, which produced the 
highlands th.at were the source of the :Morrison(?) Formation in central 
Utah. 
There a.re no specific Lower Cretaceous forn1atii:ms in the area, 
2Modified after Spieker, 1946, pp. 156-160 and Spieker, 1949, pp. 77-81. 
possibly because of a uniform erosion interval, but 1:1ore likely 
because of non-deposition, The evidence for this is that there is no 
precise bounda!"J in nuwy places, and no angular unconformity between the 
Upper Cretaceous Indianola Group and the Morrison(?) Formation. 
During the Late Cretaceous (early-late Colorado) the Indianola 
Group was deposited. It is composed of the following fontations: 
a) The San Pete Formation, whieh consists of sandstone, con-
glomerate and some shale, is of early Colorado age. It is mostly 
marine, but near the top there are continental (fluvial) beds. 
b) The Allen Valley Shale consists mostly of marine shale 
with beds of bentonite, siltstone, and sandstone. It is also of 
early Colorado (Carlisle) age. 
c) The Funk Valley Formation, whieh is composed of marine 
sandstone and shale and is of medial Colorado (Niobrara.) age, 
d) The Si.xmile Canyon Formation was deposited in a. fluvial, 
lagoonal, and swamp environmemt. A prominent coal men1ber is 
present along with a sandstone conglomerate, and eonglomeratic 
sandstone beds, It is of late Colorado ag@. 
During the deposition of the Indianola Group there were two episodes 
of orogenic uplift. The evidence for these orogenies is the conglomerate 
facies in the San Pete and SiXlldle Canyon Fol'Jilations, Horeover, their 
position and an increase in thickness westward indicate that the source 
areas were highlands to the west. 
Following the deposition of the Indianola Group, during the Upper 
Cretaceous, in medial and late l'fontan.a tir:le, the early Larar.1ide orogeny 
occurred. Tho evidence for the early Larariide orogeny is the regional 
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angular unconfornity between the Indh,nola Group and the Price River 
Formation, the pro~inent Castlegate Sandstone ton5'"Ue in the lower Price 
River Formation of east-central Utah, .and the existence of r, • ..i.jor folds, 
such ~s the s~n Pete-Sevier Valley anticline. 
Also in late Hontana time, during the Laramide orogeny the Price 
River Forr:iation was deposited. The source area was mainly the late 
Cretaceous Wasatch I.fountains, although sowa of the conglouerates are 
erosional r:aterial fron the anticline. 
Durir.g late Cretaceous (Lance) and Early Paleocene, time the North 
Horn Fornation was deposited. The source of the lower North Horn Forn:a-
tion conglonerates is further erosion of the anticline. However, the 
high energy environrcent and rapid erosion also resulted in later damning 
of streans, thus the upper North Horn is predo1ninantl;y co~:posc::d of 
lacustrine limestones and r1udstones. 
The earliest known normal faulting occurred in the Paleocene during 
the deposition of the North Horn Forr1ation. The svidence for this is 
the graben in Dry Canyon. However, in its e.l.rly history the graben was 
a horst, but there was a reversal of ~overnent along the faults resulting 
in the graben later in tirrn. 
After this event, there occurred the Early Paleocene pre-Fl~staff 
monoclinal arching. This crustal mover;,ent involved the Price River :md 
North Horn Fornations .and resulted in a monocline wj_th tho tilted limb 
dippiw6 eastward. The underlying fo~"ations of the Indianola Group were 
only affected by a slight change in dip by this mover1ent. This event 
can be cle::i.rly seen in the Six:mile District. 
Following the monoclinal folding, the Flagstaff Lil11eston0 was 
deposited in the Paleocene and early Eoceno in a lacustrine onviron-
nent, although locally fluvial sandstones prograde into the lake. The 
Flagstaff Linestone was deposited unconformably on the North Horn Forma-
tion in the Sixt,tile District. 
In the Early Eocene, the Colton Formation was deposited in a complex 
environment. It consists of rocks of floodplain, channel, deltaic, and 
lacustrine origin. These rocks are characteristically green and brown 
nmdstones, sil tstones, mica.ceous sandstones, gray and red shale, and sonte 
limestone. 
In early or medial Eocene ti:me, post-Colton, pre-Green River nor:i:i.al 
faulting occurred on the west slope of the Gunnison Plateau. The evi-
dence for this is that the flagstaff Limestone is in angular contact with 
the Arapi$n Shtle faulted against the Green River Forri.a.tion, which is 
also in ~gular unconformity over the Arapien Shue. The position of 
the Colton Formation between the Flagstaff LIDestone and Green River 
Formation indicates the faulting is post-Colton. 
Later, in filedial Eocene time, the Green River Formation was 
deposited in a laoustrine environntent, but deltaic and fluvial facies 
aro present in other areas. The Green River Fornua.tion has a complex 
lithology, however in central Utah it is characterized by gray and tan 
limestones, oolitic limestone, gray and green shale, green and brown mud-
stone, sone siltstone, and conglo:i;aerate, and nur.i.erous interbedded tuffs. 
Following the deposition of the Green River Formation there was a 
sequence of normal faulting in the Salina District. Then in the late 
Eocene the Crazy Hollow Formation was deposited in a fluvial environ-
111ent. It is generally com.posed of 1cdcaceous sandstone, conglomerate, 
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red mudstone, and reworked volcanics. 
Beginning in the late Eocene and ending in the Miocene was the 
flexing and faulting of the Wasatch monocline. This event was caused 
by subsidence of the San Pete-Sevier Valley block and the regional up-
lift of the Wasatch Plateau area. Tension caused by the uplift resulted 
in the grabens of the upper monocline and the antithetic faults of the 
:monoeline front. 
Later in the Eoeene and Miocene, there was thrust faulting of the 
Flagstaff, Colton, Green River, and Crazy Hollow Formations along the 
angular unconfornity with the Arapien Shale. This feature ruty be 
observed in the lower San Pete Valley and in the Salina District. 
In the late Eocene(?) or early Oligocene (7) the Bald Knoll For-
mation was deposited over the Crazy Hollow. This formation consists of 
white to light-gray siltstone and is found southwest of Salina. In the 
Oligocene(?), the Gray Gulch Formation, consisting mainly of pyroclas-
tics, was deposited disconformably over the Cra:zy Hollow Forr.iation in 
parts of the S.tlina district, This formation is sir,1ilar .and probably 
contemporaneous with the Moroni Formation of Cedar Hills and the Bullion 
Canyon Fornation of south-central Utah. 
Beginning in the Miocene and ending in the Oligocene was a sequence 
of normal faulting caused by tensional forces resulting in the Gunnison 
Fault. 
Also in tho Hiocene there was a thrust faulting of the pyroclastics 
of the Gra.y Gulch For-.cuation near the mouth of Twist Gulch. 
Following this episode of thrusting, lava bods were 0xtruded in the 
vicinity of Salina. These are part of the great lava fields of the 
centrtl High Plateaus in Utah. Since the lavus ~re strongly tilted, this 
indicates a tine of post-volcanic thrusting in the late Tertiary. 
After the volcanics, the AA-tell Forr:,ation w.i.s deposited in tl1e 
area. It is of l~to T(;rti.i.i"y and Q·J.aternury 2.6 0, and is co:--:;_Joscd. of 
fragnents of all other bedrock in tho aro::l. 
In tho soutlwrn part of Sn.n ?ot<3 •hlley and in tho Sevier Vlilley 
t1w .Axtoll For,.,.i.,'.',tion is often tilted in n r,:anner t:1at indic.,d::.us an 
intorv:c,l of Linor foldi116• 
During tho Pleistocene D.nd in Roccnc tLc ovid0ncr:, indico.tc,s ,10ve-
nont alo11£; t:1c nonwl fau..lts. This cvidonce includes t:1,-1 prosenc0 of 
sco.rplets in the alluvi11.t· tJ.long tho Gi.mnison front, faults in t;lacial 
cirques east of 1:anti, and rifts of recfmt origin in the southern :Ii;h 
Plateaus, In nodern tLws :.uso, o~,,rthqu.:1:rns have boon recorded in the 
s~n Pot<i, Valley v-rith a r:agnitude of up to 4.5 on the Richter Scale, 
(Pratt ::ind Callagh~n, 1970, p. 18) 
Finally, eroGion of the present surfuce is €:Vident by the continu.al 
flow of alluviun into the San Pete and Sevier valleys. 
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STRATIGRAPHIC SECTIONS 
STRATIGRAPHIC SECTimr NO. 1. 
Section across the Arapien Shale (Sec. 18, S.E. l). 
Thickness 
Feet 
Green River Formation 
Arapien Shale 
1. Shale, red, interbedded with mudstone, 
gypsif~rous in the lower part. . . . . , •• , , • , 120 
2, Shale, light gray, interbsdded with gray 
:titudstone, , , • , . . . . . . • • • • • • • • • • • 
3. Shale, light red, interbedded with red 
mudstono; selenite flakes pro:menent •• 
Shale, gray, interbedded with gray 
. . . . . . ' 
4. 
175 
75 
mudstone; selenite crystals prominent, ••• , •• , 375 
5, Salt bed, shale grades into salt bed, halite 
crystals present. , , • . . I • I I I . . . . . . . 
6, Shale, gray interbed:tled with gray-brown 
mudstone, • . . . . . . . . . . . . . . . . . . . ' 
7. 
8, 
s~ndstone, gray-brown, resistant bed, , , • , 
Hudstone, gray-brown, interbedded with gray 
sh.ale, , , . ' . . . . . . . . . . • • . . . 
• • • 
• e I I 
9, Sandstone, yellow-brown, resistant bed, • I I I I t 
10, 1:;udstone, green-brown, mottled with iron 
10 
, 75 
, 20 
150 
30 
stain. , • , •• , • , I I I I I I I I t I ••• , • 170 
11. Hudstone, light red, grading into gray, 
shaly mudstone; selenite flakes present •• 
12. Mudstone, gray, grading into light-brown, 
• • • • • • • 10 
shaly, mudstone •• . . . . . . . . . . . . • • • • • • • 375 
13. Covered, by Axtell Formation •••••••• I e a a I e e 6 
14. Hudstone, gray, with interbed.ded gray-brown 
shale ••••• . . . . . . I t • e e a I I t e I t a I t 10 
15. Mudstone, red, interbedded. with shaly m.udstone; 
selenite flakes present •• • • • • • • . . . . ' • • • • • 8 
16. Mudstone, gray, interbedded with sandy shale. • . . . • • 7 
17. Mudstone, red, selenite flakes, thin-bedded. • • • • • . 1 
18. Mudstone, light gray, interbedded with gray shale, • • • 26 
19. Mudstone, light green-brown, • • . . • • • • . • • • • . 6 
20. Sandstone, gray, interbed.ded with gray, sh,aly 
rnudstone, • • • , • • • • • • • , . . . . . . • • • • • • 90 
21. Shale, light gray, interbedded with gray-brown 
sandstone •• . . . I e I I a I . . . . . . . . . . . . . 
22. Shale, light gray, interbedded 'With mudstone in 
the upper part, the base of the unit is a gray-
brown sandstone bed two feet thick •• , • • • • 
23, Sandstone, light gray, interbed.ded with gray, 
shtly. nudstone, grades into light gray-bro1m 
sandstone in tho upper pnrt of the unit, ••• 
. . . . 
. . . . . 
21..J.. Cla..ystone, gray, interbed.ded with lit,ht gray-r;reen, 
35 
lJO 
70 
shaly, r:mdstone, with sor:c iron-staining. • • • • , • • • 35 
25. Sandstone, light brown, uottloo. by iron st.ain, 
intorbedded with shale. . . . . . . . . . . . . 30 
Total thickness of the Arapien Shale ••• , , , • 20J9 
Alluviu.;; 
smTJGM.~.9. __ SEQ_TION __ NQ • .. i. 
Section across the Twist Gulc:1 For:w .. tion (3c,-c. 17, 
Green River Forr;1ation 
Twist Gulch Forc.a.tion 
1. Ludstono, red, lower :.~nrt of the unit 
contains veins of gypSUil (satin sp,u·) 
in sor;c places, galena is also pros en::. 
in the 6ypsifcrous p;;i.rt of the 
for. 1ation. . . . . . . . . . . . . . . 
2. 31.ndstonc, gray-white, sub-anbul.;1.r to 
sub-rounded, calcareous cew:mt. , I O I 
Total thic;moss of the Twist Gulch 
. . . . . . 
. . . . . . 
I • . . . . . . . . . 
A1luviu .• 
~ ) . 
70 
5 
75 
Soction across the Eorrison (?) Formation (Sec. 5, I~.-w. {). 
S'.'.n Poto Forr~i,.tion 
C6 
Eorrison (7) Fornation 
1. S;;i.ndstone, yell9w1 fine-gr:1incd, 1,oderate 
sorting, sub-angular, calcareous ce:r..ent •• . . 
2. Hudstone, purple-red, interbedded with purple-
red, poly11ictic conglomerate, r,1:.dnly quartzite 
pebbles, cobbles, and boulders, lesser .anounts 
of :mdstonc, linestone and sandstone fragments, 
calcar~ous matrix with sandstone grains and 
. . 15 
quartz and chert pebbles. . . . . . . . . . • • • • 480 
J. Conglomerate, purpl0-red, quartzite pebbles, 
sandy calcareous matrix. . . . . . . . . . . • • • • 
4. Sandstone, yellow-brown, calcareous ce,;;,ent •••• , 
5. r:-iudstone, light reddish-brown, calcareous. . . . . . 
G. Sandstone, light yellow-brovm, ctlcareous 
cement; sub-angular, moderate sorting, cross-
bedding prominent indicatinp; overturned beds. 
7, Conglomerate, purple-red, quartzite boulders, 
and sandstone ;fragments, calcareous matrix •• 
I O I 
I I I 
35 
6 
20 
25 
20 
8. Nudstone, orange-red. • • • • • • • • • • • • • • • 25 
9, Sandstone, pale purple-red, with interbedded. 
purple-red conglomerate; sandstone is poorly 
sorted •• . . ' . . . . . . . ' . . . . . 
10. Mudstone, orange-red, interbedded with 
polymictic conglomerate and or~nge-red 
s.:andstone. . • . • • • • • . • • • . • • • • 
n. Sandstone, yellow-brown, interbedded with 
. . . 30 
• . . 
60 
conglomerate ••••• • • • • • • • • • • • • • • • 
12. Mudstone, orange-red, interbodded with 
conglomerate. • • • • • • • • • • • • • • • • • • • 
13, Conglomerate, purple-red, nUl!!erous 
quartzite boulders, lesser amounts of 
lil~estone, mudstone and sandstone fragments, 
quartz pebbles present, calcareous matrix • • . . . . 
14. Mudstone, orange-red, with a conglomerate lens. 
1.5. Conglo1nerate, purple-red, polymietic, ma.inly 
quartzite boulders, some li..~estone and sand-
stone fragments, calcareous matrix ••••••• 
16. l•Iudstone, orange-red, interbedded with yellow-
bro~ sandstone, in the upper part of the unit, 
the sandstone ruay grade into a pebbly 
• • 
• • 
conglomerate. • • I I I I I • • • • • • • • • • • • 
17. Conglomerate, purplish-red, prominent bed, 
numerous quartzite and linaestone boulders, 
som.e mudstone boulders and sandstone 
fragments, quartz and ehert pebbles present, 
sandstone matrix ce:m.ented with calcium 
carbonate •••• • • • • • • • • • • • • • • • • • 
18. Mudstone, purple or reddish purple, 
20 
7.5 
40 
3.5 
40 
3.5 
calcareous c e1\'lent. • • • • • • • • • . . • • • • • • 80 
19, Conglomera:tl:e, polyr.iictic, contains large 
boulders of cenented sandstone and 
~r, 
i,_;:,, 
mudstone, along with limestone, quartz, and 
chert pebbles, sandstone matrix •••• 
Hudstone, orange-red, interbedded with 
• • • • ••• 75 
20. 
sandstone. • • • • • • • • • • • • • • • • • • • • 
21. Mudstone, purple-red, interbedded with pebbly 
nodular limestone ••••••••••• • • I a e • 
22. Conglo~erate, gray, polymietic, quartz and 
chert pebbles along with ealcareous mudstone 
pebbles; matrix composed of sandstone cemented 
with calcium. carbonate ••• . . • • • • • • • • • • 
23, Hudstone, red, interbed.ded with limestone, 
algal nodules (oncolites) present in the 
175 
200 
35 
limestone. • • • • • • • • • • • • • • • • • • • •• 50 
24. Limestone, gray-white, massive, recrystallized., 
jointl!d., quartz and jasper pebbles present 
along with onoolites. • • • • • • • • • • • • • • • 40 
Total thiclmess of the Morrison Formation •• ,1671 
Alluvium. 
STRATIGRAPHIC SECTION NO. 4 
Section across the San Pete Formation (Sec. 6, N. E. -~). 
North Horn Formation 
San Pete Forr.1ation 
1. Sandstone, yellow-brown, sub-angular 
calcite cement •• • • • a • e • I e I • • ' . . . . 
2. Sandstone, brown, angular to sub-angular, 
calcite cement, interbedded with gray-brown 
30 
shtle. . . , , . . . . . . . • . • • • • • • • • • • 35 
3. Conglo~erate, gray-brown, mainly sandstone 
and li.~estone clasts, calcareous matrix 
with sand grains and quartz pebbles, inter-
bedded with brown sandstone •• • • • • . . . • • • • 40 
4, Sandstone, brown, sub-angular, calcite cement, 
interbedded with gray-brown sh.ale •••• • ' • 30 
5. Sandstone, yellow-brown, angular to sub-
angular, silica cement, •••••••• , 
Conglomerate, gray-brown, mainly sandstone 
clasts, calcareous r.:atrix with sandstone 
grains and quartz pebbles, interbedded 
. . . . . 
6. 
with 1i:/.inor a.utounts of sand.stone. • • • • • • . . . . 
7, Sandstone, light brown, sub-angular, calcite 
Celllent, interbedded with shale, ••• I a it t I . . . 
8, Sandstone, gray-brown, sub-angular to 
15 
8 
20 
sub-rounded, calcite cem1ent. , • • , • • • • • • , • 35 
9, Covered, center of u:pliitheater is covered 
with a fairly thick layer of colluviurn. and 
alluvium ••• • I I 8 I • e • I • a e • e t •••• 175 
10. s~ndstone, yellow-brown, sub-angular, clay cerwnt. • 1.5 
11. Conglomerate, gray-brown, sandstone and li1;1cstone 
70 
clasts, hatrix of calciur,, curbon~te with 
sone sand grains and quartz pebbles ••• • • • 18 
12. S.andstono, yellow-broim, sub-angular, ctlcito 
cement. • • • • • . . . . . . . . . . . . . . . . . 15 
13, Shale, gray-brown interbeddcd with Rinor anounts 
of sands-tone, •• • e • • e I • • • I a I I I I • I 25 
14. Sandstone, light brovm, sub-angul~r, 
,,:ediun:-grained, silica Cf.c1ent. . . . . . . . . • • , 12 
15, Sandstone, light yellow-brown, r,odiun-grained 
sub-angular, interbedded with light brown shtle ••• 95 
16, Sandstone, yellow-brown, coarse-grainod, 
angular to sub-angular, silica cement, ••••••• 15 
17. Sandstone, light brown, r:;.ediun1-6rained, 
ctlciw:i carbonate cement, interbedded with shale, • 80 
18, Sandstone, yellow-brown, nediun-grained, silica 
cenent, interbedded with light brown, shaly 
sandstone. a I I a a • I I • t • • • • I e e • • • • 50 
Tottl thickness of the Sa.n Pete 
Forr1:ation. 
l~orrison Formation 
. . • • . . . O O o • O I I 713 
STRATIGRAPHIC SECTION NO, 5. 
Section across the North Horn Formation (Sec, 6, N. W, ~,;), 
Flagstaff Linestone 
71 
North Horn Forn.ation 
1. Conglomerat~, dark gray, clasts 
composed of large oncolites ••• • • • • • • • • • • 15 
2. Nudstone, red, interbedded with some shale. , • , • 110 
3, Sandstone, yellow-brown, fine-grained, sub-
rounded to rounded, calcite cement, cross-
bedded •• . . . . . . . . . . . . . . . . . . . . . 
4. Hudstone, :red broi-m, calcareous. • • • • . . . . . . 
5, Sandstone, light-brown, medium-grained, 
sub-angular, marly cement, ••••• • • • • • • • • 
6. Conglomerate, dark gray, polY1~ictic, 
chiefly quartz and lirtestone clasts, m . .arly 
7 
48 
5 
:matrix •• . . . . . . . . . . . . . . . . . • • • • • 6 
7. Mudstone, red-brown •••••• . . . . . . . • • • • 35 
8, Sandstone, light yellow-brown, fin~-grained, 
sub-angular to sub-rounded, calcite cement, 
prominent cross-bedding. • • • • • • • • . . . . . . 5 
9, Siandstone, yellow-brown, me'ldiurn to fine-
grained, sub-angular, calcareous cement, 
interbedded with light brown shale •••• • • 
10. Sandstone, light-brown, medium-grained, sub-
angular, calcite ca~ent ••••••••• . . . 
11. Hudstone, yellow-brown, interbedded with light 
brown shale. • • • • • • • • • • • • • • • • • 
12. Conglon1era.te, gray-brown, sandstone clasts 
• • • • 9 
. . . 8 
• • • J8 
1--:") (,, 
along with some lin:E"Jstone and quartzite, 
marly matrix, interbedded with small 
amounts of sandstone, The conglomerates of 
the North Horn Foniation are mainly 
channel deposits. • • • • • • • • • • • • • • 
13. Sandstone, brown, medium-grained, sub-angular 
to sub-rounded, calcite cement, prominent 
cross-bedding indicating beds are not 
overturned., • • • • • • • • • • • . . • • • • 
14. Conglot,erate, gray-brown, nu..~erous sandstone 
clnsts with a few of limestone, narly 111atrix, 
interbedded with sandstone, , , • • • • • • • 
15. Sandstone, yellow-brown, angular, coarse-
• • • • .5 
• • • • 8 
• • • • 6 
• • • • • • • • • • • • • 
• 10 
16, Conglor1erate, gray-brown, mainly quartzite 
clasts, a few limestone and sandstone 
clasts, calcareous matrix ••• , . . . • • • • 
17. Sandstone, gray, medium.-grained, sub-angular, 
. . . 5 
calcite ceNent. , ••• , . . . . . . . . . • • • • • .5 
18. Conglomerate, gray-brown, quartz sandstone 
clasts, some chert clasts, caloi te natrix. • • • • • 
19, Sandstone, yellow, iron-stained, sub-angular 
to sub-rounded, quartz sandstone in calcite 
cement, • , , , t I I t t I t a I I I I e I • • 
20. Sandstone, yellow, sub-angular to sub-rounded, 
• • 
7 
35 
.,...., ,., 
i ,; 
quartz grains in calcite ce:rtent matrix. 
Total thielmess of the North Horn 
Formation 
San Pete Formation 
STRATIGRAPHIC SECTION NO. 6. 
• • e • I • 18 
.385 
Section across the Flagstaff Limestone (Sec. 31, s.E. } ) , 
Crest of hill near the radio tower (Sec. 31, S.E. l). 
Flagstaff Lil'testone 
1. Limestone, light gray, recrystallized, 
silicified, vertical, and bedding joints 
2. 
pro:r,dnent, honeycomb weathering ••••• 
Mudstone, gray, calcareous. , ••••• 
J. Lilustone, gray, honeycomb weathering, 
• • • • • 
• • • • • • 
215 
JO 
jointed, silicified, ••••••••• 
:Eudstone, gray-brown, calcareous •••• 
• • • • • • • 15 
70 4. . . . . . . 
5. Linestone, gr~y, honeycomb weathering, 
jointed, silicified, ••• . . . . . . • • • • • • • 15 
6. Hudstone, light gr~-brown, calcareous, 
interbedded with so1i!e shtle, .. , ••••••••. 80 
?. Limestone, gray, resistant bed, jointod,silicified. , 20 
8. Hudstone, gray-brown, interbedded with some gray 
shale ••• . . . . . . . . . . . . . . . . . . . . .120 
Total thic!mess of the Flagstaff Limestone, • 565 
-;,}J. 
' ' 
North Horn Fol'l.2~tion 
STRATIGRAPHIC SECTION NO. 7. 
Section across the Colton Formation (Sec. 17, N. E. ,;-). 
Green River Foru.:i.tion 
Colton Fornation 
l. ·Mud41tone, green, ealeareous. 
2. Lir:ostono, gray-white, l!:lassiv,.'21, recrystallized, 
J. hudstone, green, calcareous. . . . . . . 
4. Limestone, s;r:v-white, r:arlJ. • • 
5. l:udstone, green, calcareous, int0rbedd0d 
wlth shal~. . . . 
Liu:,stonc, ;;r .. -v-white, r.1.;i.rl.Y. . . 
7, Ivi:udstono, :;ret,n, calcareous, interbeddod 
,., 
o. 
i;.ri th shtle. • • • . . 
Lin.cston0, gray-white, :Jarl;y. 
::uuctone, 6reen, calcareous. 
10. ;:_:,1dstonc, bro-wn, ctlcaroous. 
O I 
• I • • 
. . . 
11. :::ud.storb, green, intorbeddod vritl1 so; 0 sh;;i.lo, 
12. :·:udstone, brown, c:::.lcl',reous, 6r;i_des into 
gro-::m Fcudstone. . . . . . . • I a I 
13. .So,ndstone, gra.y, ;-:wdiun-grain0d, angulr:i.r-sub-
c.n0ular, 111uscovi te fla .. :rns nrcscnt. 
14. 
15. Eudstone, 111.sht brown, col careous, interboodcd 
35 
12 
• 15 
10 
30 
r, 
I 
35 
1 r: . .; 
5 
10 
15 
5 
I 7 
t,-ri th nhtle. . . , . • . . , . . . . . • . . . . . . 
16. :~udstono, rod, calcareous. • . . . . . . . . . . . . 
35 
40 
Tottl thickness for the Colton 
For1ation 284 
Twist Gulch Fornation 
STRATIGRAPHIC SECTION NO. 3. 
Section across the Green River Forr,1.i.tion (Soc. 23, N. W. 0. 
Crost of cliff on west side of North Hollow 
Green River Fornation 
1. Hudstone, brot,m, calcareous, interbedded 
with shale ••• t I I e I • • • • • • • 0 • I 
2. Hudstona, green .and gre~m-brown, gradation~.1 
with the brown mu.dstone, calcareous, interbedded 
with ereen-brown shtle, a tuff bed one foot 
.thiek is present in the lower part, . , . . . • • • 
3. Limestone, gr~y-white, massive,, stromatolites 
present •• . . . . . . . . . . . . . . . . . . . . 
I O • • • • 
50 
35 
115 
• 78 4. 
5. 
Clay-stone, gray-white, non-calcareous. 
Limestone, tan, oolitic, key bed. , • , 0 I . . . . . 4 
6. Clayston0, gray-white non-calcareous •• , , , , •• 76 
?. Nudstone, green, calcareous, • , •• , •••• , •• 70 
8, Nudstone, green-brown, calcareous, interbedded 
with gray-brown, mediw,a-grained, micaceous 
sandstone. , •• • • • • • • • • • • • • • • • • • 
Hudstone, brol-m, calcareous. . . . . . . • • • • • 
10, !1udstone, light green, interbeddcd with fine-
grainod, sub-rounded, calcareous cemented, 
quartz snndstone •• , • • e • e I I e I t I . . . . 
11. Mudstone, green-brown, calcareous, interbedded with 
• 45 
• 29 
20 
~ gray-red tuff.bed one foot thick, • • • • • • • • • 
12. Sandstone, gray-brown, mediun.-grained, sub-
angula.r, ctlc:..reous cem.ent, interbedded with 
green-brown mudstone, •• , t I I e I I I t I • • • • 7 
13. :t-:udstone, light-green, calcareous. • . . . ••••• 14 
14. Sandstone, gray-brown, fine-grained, sub-
angular to sub-rounded, ~arly cement, inter-
bedded with gray-white cl~ystone, , , •• , ••• , • 7 
15, Mudstone, green, calcareous, interbedded with 
a light red tuff bed 18 inches thick, • 
Total thickness of the Green River 
Form.ation 
Colton Formation 
STRATIGRAPHIC SECTION NO. 9. 
. . . • • • JO 
62.5 
Section across the Crazy Hollow Formation (Sec. 2Z, H.W. ¾), 
Crest of hill near jeep trail (Sec. 22, N.W. l). 
Crazy Hollow Formation 
1. Sandstone, red, quartz grains, volcanic 
r,r, 
{ / 
sl1,~,rc~s, ~ ,"cd.i~1-;:-6r~1inod., :3ub-1~ou1·.i.:1.c.d., 1,roll 
sorted, c,?.lcitc. <::i:::i:c:mt, eross-;)6ddod, . . . . . . 
2. Sandstone~, gr~-whit0, qw.:trtz gr~ins, 
sub-round0d, well sorted, c;.i.lcit0 
Ct?:12.ent, cross-bedded •• . . . . . . . . . . . . . 
J. Eudstone, red, calc2.reous. • • • • . ' . . . . ' . . . 
'-~. Consloi,10rate, dark grny, qui:.rtzite clasts, 
jasper pobbles, poor sortin.-~, calcareous :,}atrix 
24 
2.5 
6 
w:ith sandstone grains •••• , , •••• • • • • , • • 20 
5. Sandstone:, dark gr:;i.y-white, ,dc,'.'.l.coous grains, 
volcanic sh.:n"ds, well-sortod, ncdiux::-grained, 
sub-rounded to rounded gr~ins, c~lciun 
carbonate cern:mt •••• . . . . . . . . . . . . . 
Tot:il thickness of the Crazy Hollow 
For,:,ation. . . . . . . . . . . . . . . . . . . 
Green River For1°:ation 
STRATIGRAPHIC SECTION NO. 10, 
Section ::i.cross the Axtell Formation (Sec. 19, S.E. {), 
Crest of ~'lill in Sec. 19, S.E, '*' 
Axtell Formation 
1. Conglon;erc..te, light grD.y, lilnestone clasts, 
poorly indurated with calcite cement, 1:1.atrix 
contains sandstone gr,:dns and some volcanic 
sho.rds, rioderate sorting. I • I • I I f a e I . . . 
5 
80 
L1.5 
2. Conglomerate, gr;zy-brown, polymictic, lL"llestone 
and sandstone elastics are dominant, very poor 
sorting, poorly indurated with marly ce~ent, 
H.1trix contains sandstone grains :md volcanic 
shards. • • • • a a • e I • . . . . . . . . . . . . . 
Total thickness of the Axtell 
For:ci..ll.tion. • • • • • • • • • • I • • t I I t I t 
Green River Formation 
STRATIGRAFrlIC SECTION NO, 11. 
Section of Valley alluviun in Sec. 4, N,E, ¾ 
AlluviUUt 
1. Alluvi .. , older of valley floor •• , . . . 
2. Alluvium, younger, includes alluvial fans, 
and other deposits near the mouths of 
canyons; and the most recent deposits along 
. . . . . 
valley streams •• , , • • • • • • • • • • I I I I I 
Tot~l thickness of Alluvium •• • • • • • • • • 
Arapien Shale 
30 
75 
400 
100 
500 
79 
